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CORYNEBA CTERIUM GLUTAMICUM GENES ENCODING NOVEL 

PROTEINS 

i 

Abstract of the Disclosure 

5 

Isolated nucleic acid molecules- designated MCP nucicic acid molecules, which 
encode novel MCP proteins from Corynebacterium glutamicum are described. The 
invention also provides antisense nucleic acid molecules, recombinant expression 
vectors containing MCP nucleic acid molecules, and host cells into which the expression 
0 vectors have been introduced. The invention still further provides isolated MCP 

proteins, mutated MCP proteins, fusion proteins, antigenic peptides and methods for the 
improvement of production of a desired compound from C glutamicum based on 
genetic engineering of MCP genes in this organism. 
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CORYNEBACTERIUM GLUTAMTCVM GENES ENCODING NOVEL 

PROTEINS 

Background of the Invention 

5 Certain products and by-products of naturally-occurring metabolic processes in 

cells have utility in a wide array of industries, including the food. feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively termed 'fine chemicals', 
include organic acids, both proteinogenic and non-proteinogenic amino acids, 
nucleotides and nucleosides, lipids and fatty acids, diols. carbohydrates, aromatic 

10 compounds, vitamins and cofactors, and enzymes. Their production is most 

conveniently performed through the large-scale culture of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One-particularly useful 
organism for this purpose is Corynebacterium glutamicum y a gram positive, 
nonpathogenic bacterium. Through strain selection, a number of mutant strains have 

1 5 been developed which produce an array of desirable compounds. However, selection of 
strains improved for the production of a particular molecule is a time-consuming and 
difficult process. 



Summary of the Invention 

20 This invention provides novel nucleic acid molecules which may be used to 

identify or classify Corynebacterium glutamicum or related species of bacteria. C 
glutamicum is a gram positive, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The 
125 nucleic acid molecules therefore can be used to identify microorganisms which can be 
\ used to produce fine chemicals, e.g., by fermentation processes. While C glutamicum 
itself is nonpathogenic, it is related to other Corynebacterium species, such as 
Corynebacterium diphtheriae (the causative agent of diphtheria), which are important 
human pathogens. The ability to identify the presence of Corynebacterium species 
30 therefore also can have significant clinical relevance, e.g., diagnostic applications. 

Further, these nucleic acid molecules may serve as reference points for the mapping of 
the C glutamicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as marker 
and fine chemical production (MCP) proteins. These MCP proteins may be involved. 
35 for example, in the direct or indirect production of one or more fine chemicals from C 
glutamicum. The MCP proteins of the invention may also participate in the degradation 
of hydrocarbons or the oxidation of terpenoids. These proteins may also be utilized for 



the identification of Corynebacterium glutamicum or organisms related to C 
glutamicum: the presence of an MCP protein specific to C glutamicum and related 
species in a mixture of proteins may indicate the presence of one of these bacteria in the 
sample. Further, these MCP proteins may have homologues in plants or animals which 
5 are involved in a disease state or condition: these proteins thus may serve as useful 
pharmaceutical targets for drug screening and the development of therapeutic 
compounds. 

Given the availability of cloning vectors for use in Corynebacterium 
glutamicum, such as those disclosed in Sinskey ct al, U.S. Patent No. 4.649.1 ) 9, and 
1 0 techniques for genetic manipulation of C glutamicum and the related Brevi bacterium 
species (e.g.. lactqfermenrum) (Yoshihama et al. J. Bacterid. 162: 591-597 (1985); 
Katsumata et al., J. Bacterid 1 59: 306-3 1 1 (1 984); and Santamaria et al.. J. Gen 
Microbiol. 130: 2237-2246 (1 984)), the nucleic acid molecules of the invention may be 
utilized in the genetic engineering of this organism to modulate the production of one or 
1 5 more fine chemicals. This modulation may be due to a direct effect of manipulation of a 
gene of the invention, or it may be due to an indirect effect of such manipulation. For 
example, by modifying the activity of a protein involved in the biosynthesis or 
degradation of a fine chemical (i.e.. through mutagenesis of the corresponding gene), 
one may directly modulate the ability of the celt to synthesize or to degrade this 
20 compound, thereby modulating the yield and/or efficiency of production of the fine 
chemical. Similarly, by modulating the activity of a protein which regulates a fine 
chemical metabolic pathway, one may directly influence whether the production of the 
desired compound is up- or down-rcgulated. either of which will modulate the yield or 
\ j efficiency of production of the fine chemical from the cell. 
25 Indirect modulation of fine chemical production may also result by modifyiiig 

the activity of a protein of the invention (i.e.. by mutagenesis of the corresponding gene) 
such that the overall ability of the cell to grow and divide or to remain viable and 
productive is increased. The production of fine chemicals from C glutamicum is 
generally accomplished by the large-scale fermentative. culture of these microorganisms. 
30 conditions which are frequently suboptimal for growth and cell division. By 

engineering a protein of the invention (e.g., a stress response protein, a cell wall protein, 
or proteins involved in the metabolism of compounds necessary for cell growth and 
division to occur, such as nucleotides and amino acids) such that it is better able to 
survive, grow, and multiply in such conditions, it may be possible to increase the 
35 number and productivity of such engineered C. glutamicum cells in large-scale culture, 
which in turn should result in increased yields and/or efficiency of production of one or 
more desired fine chemicals. Further, the metabolic pathways of any cell arc necessarily 
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interrelated and coregulated. By altering the activity or regulation of any one metabolic 
pathway jn C glutamicum (i .e., by altering the activity of one of the proteins of the 
invention which participates in such a pathway), it is possible to concomitantly alter the 
. activity or regulation of other metabolic pathways in this microorganism, which may be 

5 directly involved in the synthesis or degradation of a fine chemical. 

The invention provides novel nucleic acid molecules which encode proteins, 
referred to herein as MCP proteins, which are capable of, for example, modulating the 
production or efficiency of production of one or more fine chemicals from C. 
glutamicum. or of serving as identifying markers for C glutamicum or related 

10 organisms. Nucleic acid molecules encoding an MCP protein are referred to herein as 
. < MCP nucleic acid molecules. In a preferred embodiment, the MCP protein is capable of 

modulating the production or efficiency of production of one or more fine chemicals 
from C. glutamicum, or of serving as identifying markers for C glutamicum or related 
organisms. Examples of such proteins include those encoded by the genes sefi forth in 

15 Table 1. 

Accordingly- one aspect of the invention pertains to isolated nucleic acid 
molecules (e.g., cDNAs) comprising a nucleotide sequence encoding an MCP protein or 
biologically active portions thereof, as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection or amplification of MCP-encoding nucleic acid 

20 (e.g. r DNA or mRNA). In particularly preferred embodiments, the isolated nucleic acid 
molecule comprises one of the nucleotide sequences set forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
particularly preferred embodiments, the isolated nucleic acid molecule of the invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
" ' 25 at least about 60%, more preferably at least about 70%. 80% or 90%. and even more 
preferably at least about 95%. 96%, 97%, 98%. 99% or more homologous to a 
nucleotide sequence set forth in Appendix A. or a portion thereof. In other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MCP proteins of the present invention 

30 also preferably possess at least one of the MCP activities described herein. 

In another embodiment, the isolated nucleic acid molecule encodes a protein or 
portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of Appendix B. e.g.. 
sufficiently homologous to an amino acid sequence of Appendix B such that the protein 

35 or portion thereof maintains an MCP activity. Preferably, the protein or portion thereof 
encoded by the nucleic acid molecule maintains the ability to modulate the production or 
efficienev of production of one or more fine chemicals from C glutamicum. or of 



serving as an identifying marker for C. glutamicum or related organisms. In one 
embodiment, the protein encoded by the nucleic acid molecule is at least about 50%. 
preferably at least about 60%, and more preferably at least about 70%. 80%. or 90% and 
most preferably at least about 95%, 96%, 97%. 98%, or 99% or more homologous to an 
amino acid sequence of Appendix B (e.g.. an entire amino acid sequence selected from 
those sequences set forth in Appendix B). Tn another preferred embodiment the protein 
is a full length C. glutamicum protein which is substantially homologous to an entire 
amino acid sequence of Appendix B (encoded by an open reading frame shown in 
Appendix A). 

In another preferred embodiment, the isolated nucleic acid molecule is derived 
from C glutamicum and encodes a protein (e.g., an MCP fusion protein) which includes 
a biologically active domain which is at least about 50% or more homologous to one of 
the amino acid sequences of Appendix B and is able to modulate the yield, production, 
and/or efficiency of production of one or more fine chemicals from C glutamicum, to 
degrade hydrocarbons, to oxidize terpenoids, to serve as a target for drug development 
or to serve as an identifying marker for C glutamicum or related organisms, and which 
also includes heterologous nucleic acid sequences encoding a heterologous polypeptide 

or regulatory regions. 

In another embodiment, the isolated nucleic acid molecule is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated 
nucleic acid molecule corresponds to a naturally-occurring nucleic acid molecule More 
preferably, the isolated nucleic acid encodes a naturally-occurring C glutamicum MCP 
protein, or a biologically active portion thereof. 

Another aspect of the invention pertains to vectors, e.g.. recombinant expression 
vectors, containing the nucleic 4cid molecules of the invention, and host cells into whtch 
such vectors have been introduced. In one embodiment, such a host cell is used to 
produce an MCP protein by culturing the host cell in. a suitable medium. The MCP 
protein can then be isolated from the medium or the host.cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an MCP gene has been introduced or altered. In one 
embodiment the genome of the microorganism has been ^ ^^^ ^ 
nucleic acid molecule of the invention encoding wild-type or mutated MCP sequence as 
a transgene. In another embodiment, an endogenous MCP gene within the genome of 
the microorganism has been altered, e.g.. functionally disrupted, by homologous 
recombination with an altered MCP gene. In a preferred embodiment, the 
microorganism belongs to the genus Corynebacterium or Brevibactenum, wxth 
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Carvnebacterium glutamicum being particularly preferred. In a preferred embodiment, 
amino acid, with lysine being particularly preferred. 
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protein alone. In other preferred embodiments, this fusion protein is capable of 
modulating the yield, production and/or efficiency of production of one or more fine 
chemicals from C glutamicum. or of serving as an identifying marker for C. glutamicum 
or related organisms. In particularly preferred embodiments, integration of this fusion 
5 protein into a host cell modulates production of a desired compound from the cell. . 
A nother aspect of the invention pertaiDS to a method for producing a line 
chemical. This method involves the culturing of a cell containing a vector directing the 
expression of an MCP nucleic acid molecule of the ihventi on. such that a fine chemical 
is produced. In a preferred embodiment, this method further includes the step of 
1 0 obtaining a cell containing such a vector, in which a cell is transfected with a vector 

directing the expression of an MCP nucleic acid. In another preferred embodiment, this 
method further includes the step of recovering the fine chemical from the culture. In a 
particularly preferred embodiment, the cell is from the genus Corynebacterium of 
Brevibacterium* or is selected from those strains set forth in Table 3. 
1 5 Another aspect of the invention pertains to methods for modulating production of 

a molecule from a microorganism. Such methods include contacting the cell with an 
agent which modulates MCP protein activity or MCP nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
agent. In a preferred embodiment, the cell is modulated for one or more C glutamicum 
20 MCP protein activities, such that the yield, production, and/or efficiency of production 
of a desired fine chemical by this microorganism is improved. The agent which 
modulates MCP protein activity can be an agent which stimulates MCP protein activity 
or MCP nucleic acid expression. Examples of agents which stimulate MCP protein 
i £ activity or MCP nucleic acid expression include small molecules, active MCP proteins, 

#' 25 and nucleic acids encoding MCP proteins that have been introduced into the cell. 
1 Examples of agents which inhibit MCP activity or expression include small molecules 

and antisense MCP nucleic acid molecules. 

Another aspect of the invention pertains to methods for modulating yields, 
production, and/or efficiency of production of a desired compound from a cell, 
.30 involving the introduction of a wild-type or mutant MCP gene into a cell, either 

maintained on a separate plasmid or integrated into the genome of the host cell. If 
integrated into the genome, such integration can be random, or it can take place by 
homologous recombination such that the native gene is replaced by the introduced copy, 
causing the production of the desired compound from the cell to be modulated. In a. 
. 35 preferred embodiment said yields are increased. In another preferred embodiment, said 
chemical is a fine chemical. In a particularly preferred embodiment, said fine chemical 
is an amino acid. In especially preferred embodiments, said amino acid is L-lysine. 



w » • 

r c » 
r # » 



- 7 - 

Detailed Description of the Invention 

The present invention provides MCP nucleic acid and protein molecules. These 
MCP nucleic acid molecules may be utilized in the identification of Corynebactcrium 
gJutamicum or related organisms, in the mapping of the C. glutamicum genome (or a 
5 genome of a closely related organism), or in the identification of microorganisms which 
may be used to produce fme chemicals, e.g.. by fermentation processes. The proteins 
encoded by these nucleic acids may be utilized in the direct or indirect modulation of the 
production or efficiency of production of one or more fine chemicals from C 
glutamicum, as identifying markers, for C. glutamicum or related organisms, in the 
1 0 oxidation of terpenoids or the degradation of hydrocarbons, or as targets for the 

development of therapeutic pharmaceutical compounds. Aspects of the invention are 
(0 further explicated below. 

I. Fine Chemicals 

1 5 The term ' fine chemical " is art-recognized and includes molecules produced by 

an organism which have applications in various industries, such as. but not limited to. 
the pharmaceutical, agriculture, and cosmetics industries. Such compounds include 
organic acids, such as tartaric acid, itaconic acid, and diaminopimelic acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrrolidine bases, 

20 nucleosides, and nucleotides (as described e.g. in Kuntnaka, A. (1996) Nucleotides and 
related compounds, p. 56 1 -6 1 2, in Biotechnology vol. 6, Rehm et al., eds. VCH: 
Weinheim. and references contained therein), lipids, botb saturated and unsaturated fatty 
acids (e.g!, arachidonic acid), diols (e.g., propane diol. and butane diol), carbohydrates 
, If (e.g.. hyaluronic acid and trehalose), aromatic compounds (e.g.. aromatic amines. 

# 25 vanillin, and indigo), vitamins and cofactors (as described in Ullmann's Encyclopedia of 
Industrial Chemistry, vol. A27. "Vitamins", p. 443-613 (1996) VCH: Weinheim and 
references therein; and Ong, A.S., Niki, E & Packer, L. (1995) "Nutrition. Lipids, 
Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and • 
Technological Associations in Malaysia, and the Society for Free Radical Research - 

30 Asia, held Sept. 1-3. 1994 at Penang, Malaysia. AOCS Press. (1995)). enzymes, and all 
other chemicals described in Gutcho (1 983) Chemicals by Fermentation. Noyes Data 
Corporation. ISBN: 0818805086 and references therein. The metabolism and uses of 
certain of these fine chemicals are further explicated below. 

35 A. Amino Acid Metabolism and Uses 

Amino acids comprise the basic structural, units of all proteins, and as such are 
essential for normal cellular functioning in all organisms. The term "amino acid" is art- 
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ketoglutarate. an intermediate in the citric acid cycle. Glutamine. proline, and argmme 
are each subsequently produced from glutamate. The biosynthesis of serine is a three- 
step process beginning with 3-phosphoglycerate (an intermediate in glycolys.s). and 
resulting in this amino acid after oxidation, transamination, and hydrolysis steps. Both 
5 cysteine and glycine are produced from serine; the former by the condensation of 
homocysteine with serine, and the latter by the transferal of the side-chain 3-carbon 
atom to tetrahydrofolate. in a reaction catalyzed by serine transbydroxymethylase. 
Phenylalanine, and tyrosine ate synthesized from the glycolytic and pentose phosphate 
pathway precursors erytlirose 4-phosphate a^d phosphoenolpyruvate m a 9-step 
10 biosynthetic pathway that differ only at the final two steps after synthesis of prephenatc. 
Tryptophan is also produced from these two initial molecules, but its synthesis i s an 1 1 - 
step pathway. Tyrosine may also be synthesized from phenylalanine, in a reaction 
catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucine arc all > 
biosynthetic products of pyruvate, the final product of glycolysis. Aspartate is formed 
J 5 from oxaloacetic an intermediate of the citric acid cycle. Asparagine, mednonme 

threonine, and lysine are each produced by the conversion of aspartate. ^™ • 
formed from threonine. A complex 9-step pathway results in the production of hisudme 
from 5-phosphoribosyM-pyrophosphate. an activated sugar. 

Amino acids in excess of the protein synthesis needs of the cell cannot be stored. 
20 and are instead degraded to provide intermediates for the major metabolic 

the cell (for review see Stryer. L. Biochemistry 3- ed. Ch. 21, "Ammo *od D«nd£- 
and the Urea Cycle" p. 495-51 6 (1988)). Although the cell is able to convert unwanted 
amino acids into useful metabolic intermediates, amino acid production is corty » 
terms of energy, precursor molecules, and the enzymes necessary to synthesize then. 
25 Z i s not'surprising that amino acid biosynthesis is regulated by feedback mhib^on. 
m^hichthepre^ceof^ 

production (for overview of feedback mechanisms in ^^^^^ 
see Stryer L Biochemistry. 3 ri ed. Ch. 2*: "Biosynthesis of Amino Acids and Heme p^ 

~ 575 6^0 (1988)). Mo^«*VV^^^*^**^ 
30 of that amino acid present in the cell. 

B Vitamin. Cojactor. and VvvaceuHcal Metabolism a»d Uses ... 

VUaminVcoractors. and nutraceuticals comprise another ^ .of 
Which me higher animals have lost me ability to synfcesize and -^*££f 
35 they a. readily synthesis by other organisms such as " 
cither bioactive subsunces themselves, ot arc precursors of brologrcaJly acuve 
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metabolic pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysts or other 
processing aids. (For an overview of the structure, activity, and industrial apphcaUons 
of these compounds, see. for example. Ullman's Encyclopedia of Industrial Chenustry. 
5 "Vitamins" vol. A27. p. 443-613. VCH: Weinheim. 1996.) The term "vitamin is art- 
recognized, and includes nutrients which arc required by an orgarosm for normal , 
functioning, but which that organism cannot synthesize by itself. The group of vitamins- 
may encompass cofactors and nutraceutical compounds. The language "cofactor 
includes nonproteinaceous compounds required for a normal enzymatic actmty to 
10 occur. Such compounds may be organic or inorganic: the cofactor molecules of the 

invention are preferably organic. The term "nutraccuticaT includes dietary supplements 
d having health benefits in plant, and animals, particularly humans. Examples of such 

molecules are vitamins, antioxidants, and also certain lipids (e.g., po1 saturated fatty 

15 3CldS) ' The biosynthesis of these molecules in organisms capable of producing them 
such as bacteria, has been largely characterized (Ullman's Encyclopedia 
Chemistry. "Vitamins" vol. A27. p. 443-613. VCH: Weinheim 1 996; Mich al. G. (1999) 
Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology John Wiley 
& Sons; Ong, A.S.. Niki, E. & Packer, L. (1995) "Nutrition. Lipids. Health, and _ 
20 Disease" Proceedings of the UNESCO/Confederation of Scientific and technological 
Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 
1-3. 1994 at Penang, Malaysia. AOCS Press: Champaign, IL X, 374 S ). 

Thiamin (vitamin B.) b produced by the chemical coupling of V^™™ 
4 thiazole moieties. Riboflavin (vitamin B 2 ) is synthesized from guanosine-5 -triphosphate 

compounds collectively termed 'vitamin B 6 ' (e.g.. pyndoxtne, ^^jyn^ 
phosphate and the commercially used pyridoxin hydrochloride) are all derivatives of 
L co- 1 structural unit. 5 -hydroxy^-methylpyndine. Pantothenate 

30 * d ^ can t b ; 

e unt by h mi al synthesis or by fermentation. The final steps in pantothenate 

^n^consis^ 

. ^es responsible for the biosynthesis steps for the conversion to 

^eandLthecondensationtopanmotenicacidareknown. The metaboli^l y 
alanine ana iorui A f which the biosynthesis proceeds in 5 

35 active form of pantothenate is Coenzyme A. tor / 

enzymatic steps. Pantothenate, pyridoxal-5< -phosphate, cysteine and ATP are the 
P ™ of Coenzyme A. These enzymes not only catalyze the formal of 
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^n.ho«h^ te . but also fc produc , ion of ^ 
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C Purine. Pyrimidine. Nucleoside and Nucleotide Metabolism end Uses 

Punne and pyrimidine metabolism genes and their corresponding proteins are 
,mpo«am targets ft, ft, , hera py ot mm „ iix3xs ^ ^ ^ 

punne or ^ynnudin." includes the myogenous bases which am concerns of 

ZZIT nudKMide5 - «"» "nucleotide- includes the basic 

•ttttnl of nucleic acid mo.ecu.es, which are comprised of a nitmgenous base, a . 
Pentose sugar On me case of RNA. the sugar is ribose; in the case of DNA. me sugar is 
D-deoxynbose), and phosphoric acid. The language "nucleoside" includes molecules 
whtch serve as precursors to nucleotides, but which are lacking the phosphoric acid 



moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules or 
the,r mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DNA 
synthes.s: by inhibiting this activity in a fashion targeted to cancerous cells, the ability 
of tumor cells to divide and replicate may be inhibited. Additionally, there are 
5 nucleotides which may serve as energy stores (e.g.. AX>P. ATP) or as coenzymes (i.e. 
FAD and NAD). 

Several publications have described the use of these chemicals for these medical 
md.cat.ons, by influencing purine and/or pyrimidine metabolism (e.g. Christopherson 
R.I. and Lyons. S.D. (1990) potent inhibitors of de novo pyrimidine and purine 
10 biosynthes.s as chemotherapcutic agents " Med Res Reviews 10: 505-548). Studies of 
enzymes involved in purine and pyrimidine metabolism have been focused on the 
development of new drugs which can be used, for example, as immunosuppressants or 
anu-proliferants (Smith. J.L.. (1995) "Enzymes in nucleotide synthesis.- Curr Opin 
^ Struct. Biol 5: 752-757; (1995) Biochem Sac. Transact. 23: 877-902). However, purine 
15 and pynm.dme bases,, nucleosides and nucleotides have other utilities: as intermediates 
•n the biosynthesis of several fine chemicals (e.g.. thiamine. S-adenosyl-methionine 
folates, or nboflavm). as energy carriers for the cell (e.g.. ATP or GTP), and for 
chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal applications (see. for example. Kuninaka, A. (1 996) Nucleotides and 
Related Compounds in Biotechnology vol. 6. Rehm et al.. eds. VCH: Wcinheim. p. 561 - 
6' 2). Also, enzymes involved in purine, pyrimidine. nucleoside, or nucleotide 
metabolism arc increasingly serving as targets against which chemicals for crop 
protection, including fungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
reviews see, for example. Zalkjn H. and Dixon, J.E. (1992) "* novo purine nucleotide 
biosynthesis", in: Progress in Nucleic Acid Research and Molecular Bioloey. vol; 4? 
Academic Press:, p. 259-287; and Michal, G. (1999) "Nucleotides and Nucleosides". 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, 
W,iey : New York). Purine metabolism has been the subject of intensive research, and is 
essential to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as gout Purine nucleotides are synthesized from 
ribose-5-phosphate, in a series of steps through the intermediate compound inosine-5'- 
phosphate (TMP). resulting in the production of guanosinc-5'-monophosphate (GMP) or 
adenosines-monophosphate (AMP), from which the triphosphate forms utilized as 
35 nucleotides arc readily formed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 
Pyrimidine biosynthesis proceeds by the formation of uridines-monophosphate (UMP) 
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from ribose-5-phosphate. UMP, in turn, is converted to cytidme-5 '-triphosphate (CTP). 
The deoxy- forms of all of these nucleotides are produced in a one step reduction 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
15 participate ill DNA synthesis- 

D. Trehalose Melahalism and Uses • . . 

Trehalose consists of two glucose molecules, bound in o.a-1.1 linkage. It is 

commonly used in Ihe food industry as a sweetener, an additive fordried or frozen 
,0 foods, and in beverages. However, it aJso bas applications* the 

cosmetics and biotechnology indusmes (sec. for example, Nrshrmoto et a. ( 1998V VS. 

PatentHo. S.7S9.O.0; Singer. M.A. and Lindouist. S. (.998) ™\ 

467; Paiva. CLA. and PaneK. A.D. (.996, BicecH. A~ *~ * 293-314; and _ 

Shiosaka, M.'(.99T> J- lap- . 72: 97-102). Trehalose is produced by 
, 5 many microorganisms and is naturally released mm me surrounding mcdrum. from 

which'it can be collected using methods known m the art. 

II rlrmrrrt- and M-rh~<« nf the Invention 

The present invention is based, at Last in part, on tite aM 

,0 molecules referred to herein as MCP nucleic acid molecules. These MCP nuctac acd 

20 S sf "efir, no, on.y fbr tir. identifrcarion of C 

rpecics. bu, aisc as marhers forme mapping of me C g*™ f-^ - 
identification of bacteria usefu. for tire production of fine chem.Cs by. eg 

or monr fine chemicals from C. of servmg as: idemrfymg £C 

t „ r^rtirnlarlv oreferred embodiment, the MLr moiecuic* ^ 
microorgan,sm. Tn a particularly preierr - cum mctaboli c pathways in 

35 mvxntionaremodulatedina^ty.jh^ 

which the MCP proteins of the invention participate are moo 



output which either directly or indirectly modulates the production or efficiency of 
production of a desired fine chemical by C glutamicum. 

The language. "MCP protein" or "MCP polypeptide" includes proteins which are 
able to modulate the yield production, and/or efficiency of production of one or more 
5 fine chemicals from C glutamicum. to degrade hydrocarbons, to oxidize terpenoids, to 
serve as a target protein for drug screening or design, or to serve as identifying markers 
for C glutamicum or related organisms. Examples of MCP proteins include those 
encoded by the MCP genes set forth in Table 1 and Appendix A. The terms "MCP 
gene ,% or "MCP nucleic acid sequence" include nucleic acid sequences encoding an 

lb MCP protein, which consist of a coding region and also corresponding untranslated 5' 
and y sequence regions. Examples of MCP genes include those set forth in Table 1. The 
x ^ terms "production" or "productivity" arc art-recognized and include the concentration of 

the fermentation product (for example, the desired fine chemical) formed within a given 
time and a given fermentation volume (e.g.. kg product per hour per liter). The term 

15 "efficiency of production" i ncludes the time required for a particular level of production 
to be achieved (for example, how long it takes for the cell to attain a particular rate of 
. output of a fine chemical). The tenn "yield" or "product/carbon yield" is art-recogntzed 
and includes the efficiency of the conversion of the carbon source into the product (i.e., 
fine chemical). This is generally written as, for example, kg product per kg carbon 

20 source. By increasing the yield or production of the compound, the quantity of 

recovered molecules, or of useful recovered molecules of that compound in a given 
amount of culture over a given amount of tiine is increased. The terms "biosynthesis" or 
a "biosynthetic pathway" are art-recognized and include the synthesis of a compound. 
^ preferably an organic compound, by a cell from intermediate compounds in what may 

& 25 be a multistep and highly regulated process. The terms "degradation" or a "degradation 
pathway" are art-recognized and include the breakdown of a compound, preferably an 
organic compound, by a cell to degradation products (generally speaking, smaller or less 
complex molecules) in what may be a multistep and highly regulated process. The 
language "metabolism" is art-recognized and includes the totality of the biochemical 

30 reactions that take place in an organism. The metabolism of a particular compound, 
then. (e.g.. the metabolism of an amino acid such as glycine) comprises the overall 
biosynthetic, modification, and degradation pathways in the celt related to this 
compound. 

In another embodiment, the MCP molecules of the invention are capable of 
35 modulating the production of a desired molecule, such as a fine chemical, in a 

microorganism such as C. glutamicum, either directly or indirectly. Using recombinant 
genetic techniques, one or more of the MCP proteins of the invention may be 
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manipulated such that its function is modulated. Such modulation of function may result 
in the modulation of the yield, production, and/or efficiency of production of one or 
more fine chemicals from C glutamicum. 

For example, by modifying the activity of a protein involved in the biosynthesis 
5 or degradation of a fine chemical (i.e., through mutagenesis of the corresponding gene), 
one may directly modulate the ability of the cell to synthesize or to degrade this 
compound, thereby modulating the yield and/or efficiency of production of the fine 
chemical. Similarly, by modulating the activity of a protein which regulates a fine 
chemical metabolic pathway, one may directly influence whether the production of the 
] 0 desired compound is up- or down-regulated, either of which will modulate the yield or 
efficiency of production of the fine chemical from the cell. 

Indirect modulation of fine chemical production may also result by modifying 
the activity of a protein of the invention (i.e., by mutagenesis of the corresponding gene) 
such that the overall ability of the cell to grow and divide or to remain viable and 
J 5 productive is increased. The production of fine chemicals from C glutamicum is 

generally accomplished by the large-scale fermentative culture of these microorganisms. 
, conditions which are frequently suboptimal for growth and cell division. By 

engineering a protein of the invention (e.g.. a stress response protein, a cell wall protein, 
or proteins involved in the metabolism of compounds necessary for cell growth and 
20 division to occur, such as nucleotides and amino acids) such that it is better able to 
survive, grow, and multiply in such conditions, it may be possible to increase the 
number and productivity of such engineered C glutamicum cells in large-scale culture, 
which in turn should result in increased yields and/or efficiency of production of one or 
\ more desired fine chemicals. Further, the metabolic pathways of any cell are necessarily 

V . <0 25 interrelated and coregulated. By altering the activity or regulation of any one metabolic 
pathway in C glutamicum (i.e.. by altering the activity of one of the proteins of the 
invention which participates in such a pathway), it is possible to concomitantly alter the 
activity or regulation of other metabolic pathways in this microorganism, which may be 
directly involved in the synthesis or degradation of a fine chemical. 
3 0 The isolated nucleic acid sequences of the invention are contained within the 

genome of a Corynebacterium glutamicum strain available through the American Type 
Culture Collection, given designation ATCC 13032. The nucleotide sequences of the 
isolated C glutamicum MCP nucleic acid molecules and the predicted amino acid 
sequences of the C glutamicum MCP proteins arc shown in Appendices A and B. 
3 5 respectively. Computational analyses were performed which classified and/or identified 
many of these nucleotide sequences as sequences having homology to E. co\\ or Bacillus 
subtilis genes. 
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. i uw« «roteins which have an amino acid 
The present invention also pertains to proteins ro o AnT , end ; x B 

As used herein, a protein »h,ch has an ammo . « «,u ^ ^ 

homologous .o a selected am.no ^ acid Kquence . A pro** 

5 selected amino acid sequence, e.g.. the »^ e « homologous to a selected 
has an amino acid sequence -mob «««-*^ » lMSt about 

and more preferably at least about 70-80 A. 80-SO id 

,5 marker for Cg/^tom or related orgamsms ■ _ ^ j^a ta te ftjto-ing 
Various-aspects of the invenuon are desenbed m runner o 
subsections: 

A /soWMrrfefc^ctfMolecrfw Jm ,cleic acid molecules that 

encode MCP polypeptide, or biologically ^ ^Lfieation or 

. fragments sufficient** use as ^'^^^^se nucleic acid 

molecules may be used to idenbfy C * ^ mte0 organisms 
25 gonomebfC.gtao™.c«orclosdyr«Wrfoac ^ ^ as used 

useful fc r Ore producrion ^^^^clude DNA molecules (e.g.. 
herein, the term "nucleic acd molecule is inten DNA or 

W A generated using nucleoid tanalogs^ ^ gmc; at lcast 

30 sequence located at bo* the a and 5 g ^ ^ regio „ and at 

about lOOmKleoridosofsequoncct^™^^' ^ ^ 

least abou.20 nucleotides of sequence 4*™w»£^ ^ but 

preferably is double-stranded DNA. An tsobted ^ rf 

tt,e nucleic acid. Preferably, an isolated «**^ — ycpfcrf t „e 

naturally (lank the nucleic acid (i.e.. sequences located at tn 
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nucleic acid) in the genomic DNA of the organism from which the nucleic acid-is 
derived. For example, in various embodiments, the isolated MCP nucleic acid molecule 
can contain less than about 5 kb. 4kb. 3kb. 2kb. 1 kb. 0.5 kb or 0.1 kb of nucleotide 
sequences which naturally flank the nucleic acid molecule in genomic DNA of the cell • 
5 from which the nucleic acid is derived (e.g. a C. glutamicum cell). Moreover, an 

"isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free of 
other cellular material, or culture medium when produced by recombinant techniques, or 
chemical precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g.. a nucleic acid molecule 
1 0 having a nucleotide sequence of Appendix A. or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence information provided herein, 
v A For example, a C. glutamicum MCP cDNA can be isolated from a C glutamicum library 

using all or portion of one of the sequences of Appendix A as a hybridization probe and 
standard hybridization techniques (e.g., as described in Sambrook. J.. Fritsh. E. F., and 
1 5 Maniatis. T. Molecular Cloning. A Laboratory Manual. 2nd. ed. C old Spring Harbor 
Laboratory. Cold Spring Harbor Laboratory Press, Cold Spring Harbor. NY. 1 989). 
Moreover, a nucleic acid molecule encompassing alt or a portion of one of the sequences 
of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g.. a nucleic acid molecule encompassing 
20 " all or a portion of one of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
Appendix A). For example, mRNA can be isolated from normal endothelial cells (e.g.. 
by the guanidinium-thiocyanate extraction procedure of Chirgwin et al. (1 979) 
Biochemistry 1 8 : 5294-5299) and cDNA can be prepared using reverse transcriptase 
25 (e.g.. Moloney MLV reverse transcriptase, available from Gibco/BRL. Bethesda. MD; 
or AMV reverse transcriptase, available from Seikagaku America, Tnc. St. Petersburg, 
FL) and random polynucleotide primers or oligonucleotide primers based upon one of 
the nucleotide sequences shown in Appendix A. Synthetic oligonucleotide primers for 
polymerase chain reaction amplification can be designed based upon one of the 
30 nucleotide sequences shown in Appendix A. A nucleic acid of the invention can be 
amplified using cDNA or. alternatively, genomic DNA. as a template and appropriate 
oligonucleotide primers according to standard PCR amplification techniques. The 
nucleic acid so amplified can be cloned into an appropriate vector and characterized by 
, DNA sequence analysis. Furthermore, oligonucleotides corresponding to an MCP 
35 nucleotide sequence can be prepared by standard synthetic techniques, e.g., using an 
automated DNA synthesizer. 



r 



- 18v 



In a preferred embodiment an isolated nucleic acid molecule of the invention 
comprises one of the nucleotide sequences shown in Appendix A. The sequences of 
Appendix A correspond to the Corynebacterium glutamicum MCP cDNAs of the 
invention. This cDNA comprises sequences encoding MCP proteins (i.e.. "the coding 
5 region", indicated in each sequence in Appendix A), as well as 5" untranslated sequences 
and 3' untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of the sequences in Appendix 
A 

For the purposes of this application, it will be understood that each of the 
10 sequences set forth in Appendix A has an identifying RXA number having the 

designation "RXA" followed by 5 digits (i.e., RXA00003). Each of these sequences 
± comprises up to three parts: a 5" upstream region, a coding region, and a downstream 

m region. Each of these three regions is identified by the same RXA designation to ^ 

eliminate confusion. The recitation "one of the sequences in Appendix A" thenars 
15 to any of the sequences in Appendix A. which may be distinguished by their differing 
RXA designations. The coding region of each of these sequences is translated into a >. 
corresponding amino acid sequence, which is set forth in Appendix B. The sequences of 
Appendix B are identified by the same RXA designations as Appendix A, such that they 
can be readily correlated. For example, the amino acid sequence in Appendix B 
20 designated RXA00003 is a translation of the coding region of the nucleotide sequence of 
nucleic acid molecule RXA00003 in Appendix A. 

In one embodiment, the nucleic acid molecules of the present invention arc not 
intended to include those compiled in Table 2. 

In another preferred embodiment, an isolated nucleic acid molecule of the 
Jfr 25 invention comprises a nucleic acid molecule which is a complement of one of the 

W nucleotide sequences shown in Appendix A. or a portion thereof. A nucleic acid 

molecule which is complementary to one of the nucleotide sequences shown m 
Appendix A is one which is sufficiently complementary to one of the nucleotide 
sequences shown in Appendix A such that it can hybridize to one of the nucleotide 
.30 sequences shown in Appendix A. thereby forming a stable duplex. _ _ 

In still another preferred embodiment, an isolated nucleic acid molecul ,of the 

invent!^ 

least about 60-70%. more preferably at least about 70-80%, 80-90o/o. or ^ 
even more preferably at least about 95%. 96%, 97-/0, 98% ^-"^SST 
35 a nucleotide sequence shown in Appendix A, or a portion thereof. In an addmona 
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nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A; or a portion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 
portion of the coding region of one of the sequences in Appendix A for example a 
5 fragment which can be used as a probe or primer or a fragment encodmg a b^olpgicaUy 
active portion of an MCP protein. The nucleotide sequences determined from the 
cloning of the.MCP genes from C glutamicum allows for the generation of probes and 
primers designed for use in identifying and/or cloning MCP homologues in other cell 
types and organisms, as well as MCP homologues from other Corynekacteria or related 
10 specie, The probe/primer typically comprises 

The oligonucleotide typically comprises a region of nucleotide sequence that hybndizes 
under strings eonduions to at lea^^ _ 
about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti-sense sequence of one of the sequences set forth m , 
15 Appendix A. or naturally occurring mutants thereof . ^ h ^^ U ^ 
sequence of Appendix A can be used in PCR reactions to clone MCP homologues. 
Probes based on the MCP nucleotide sequences can be used to detect transenptsor 
genomic sequences encoding the same or homologous proteins In preferred 
embodiments, the probe further, comprises a label group attached thereto, e^thc label 
20 group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co> 
Such probes c^^^ 
which misexpress an MCP protein, such as by measuring a level of an MCP-cncoding 
nucleic acid I a sample of cells, e.g. detecting MCP mRNA levels or determining 
whether a genomic MCP gene has been mutated or deleted. _ 

■ _i - n thereof which includes an amino acid sequence which is sufficiently 

.hereof Lorain, <he ability to modula* the # PtoducOon. and/or efficacy of 
UdWion of one or « fine chemical, from C. **~°~*> 

identifyingTarker for C #~*m or related organism, As 

p^on. and/or efficiency of production of one or more fine chcnucals from C. 
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glutamicum m to degrade hydrocarbons, to oxidize terpenoids, to serve as a target for drug 
development or to serve as an identifying marker for C glutamicum or related 
organisms. Examples of such activities are also described herein. Thus, "the function of 
an MCP protein" contributes to the overall regulation of one or more fine chemical 
5 metabolic pathways, or to the degradation of a hydrocarbon, or to the oxidation of a 
terpenoid. * 

In another embodiment the protein is at least about 50-60%, preferably at least 
4 about 60-70%, and more preferably at least about 70-80%, 80-90%, 90-95%, and most 
preferably at least about 96%, 97% % 98%, 99% or more homologous to an entire amino 
10 acid sequence of Appendix B. 

Portions of proteins encoded by the MCP nucleic acid molecules of the invention 
are preferably biologically active portions of one of the MCP proteins. As used herein, 
. the term "biologically active portion of an MCP protein" is intended to include a portion, 
e.g., a domain/motif, of an MCP protein that modulates the yield, production, and/or 
1 5 efficiency of production of one or more fine chemicals from C glutamicum, that 
degrades hydrocarbons, that oxidizes terpenoids, that may serve as a target for drug 
development, or that may serve as an identifying marker for C glutamicum or related 
organisms. To determine whether an MCP protein or a biologically active portion 
thereof can modulate the yield, production, and/or efficiency of production of one or 
20 more fine chemicals from C glutamicum. can degrade hydrocarbons, or can oxidize 
terpenoids, an assay of activity may be performed. Such assay methods arc well known 
to those skilled in the art. as detailed in Example 8 of the Exemplification. 

Additional nucleic acid fragments encoding biologically active portions of an 
MCP protein can be prepared by isolating a portion of one of the sequences in Appendix 
25 B. expressing the encoded portion of the MCP protein or peptide (e.g., by recombinant 
expression in vffro) and assessing the activity of the encoded portion of the MCP protein 
or peptide. 

The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and portions thereof) due to degeneracy 

30 of the genetic code and thus encode the same MCP protein as that encoded by the 

nucleotide sequences shown in Appendix A. In another embodiment an isolated nucleic 
acid molecule of the invention has a nucleotide sequence encoding a protein having an 
amino acid sequence shown in Appendix B- In a still further embodiment the nucleic 
acid molecule of the invention encodes a full length C glutamicum protein which is 

3 5 substantially homologous to an amino acid sequence of Appendix B (encoded by an 
open reading frame shown in Appendix A). 
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In addition to the C. glutamicum MCP nucleotide sequences shown in Appendix 
i ' A, it will be appreciated by those skilled in the art that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of MCP proteins may exist within a 
population (e.g., the C glutamicum population). Such genetic polymorphism in the 
5 MCP gene may exist among individuals within a population due to natural variation. As 
used herein, the ternis •'gene" and ' recombinant gene" refer to nucleic acid molecules 
comprising an open reading frame encoding an MCP protein, preferably a C. 
glutamicum MCP protein. Such natural variations can typically result in 1 -5% variance 
in the nucleotide sequence of the MCP gene. Any and all such nucleotide variations and 
1 0 resulting amino acid polymorphisms in MCP that are the result of natural variation and 
that do not alter the functional activity of MCP proteins are intended to be within the 
scope of the invention. 

Nucleic acid molecules corresponding to natural variants and non-C. glutamicum 
homologues of the C. glutamicum MCP cDNA of the invention can be isolated based on 
1 5 their homology to the C glutamicum MCP nucleic acid disclosed herein usi ng the C 
glutamicum cDNA- or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 
another embodiment an isolated nucleic acid molecule of the invention is at least 15 
nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
20 molecule comprising a nucleotide sequence of Appendix A. In other embodiments, the 
nucleic acid is at least 30, 50. 1 00. 250 or more nucleotides in length. As used herein, 
the term '•hybridizes under stringent conditions" is intended to describe conditions for 
hybridization and washing under which nucleotide sequences at least 60% homologous 
to each other typically remain hybridized to each other. Preferably, the conditions are 
25 such that sequences at least about 65%, more preferably at least about 70%. and even 
more preferably at least about 75% or more homologous to each other typically remain 
hybridized to each other. Such stringent conditions are known to those skilled in the art 
and can be found in Current Protocols in Molecular Biology. John Wiley & Sons. N.Y. 
(1989). 6.3.1-6.3.6. A preferred, non-limiting example of stringent hybridization 
30 conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C. 
followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65'C. Preferably, an 
isolated nucleic acid molecule of the invention that hybridizes under stringent conditions 
to a sequence of Appendix A corresponds to a naturally-occurring nucleic acid 
molecule. As used herein, a "naturally-occurring" nucleic acid molecule refers to an 
35 . RNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g.. 

encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C 
glutamicum MCP protein. 
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In addition to naturally-occurring variants of the MCP sequence that may exist in 
the population, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of Appendix A, thereby leading to changes in the 
amino acid sequence of the encoded MCP protein, without altering the functional ability 
of the MCP protein. For example, nucleotide substitutions leading to amino acid 
substitutions at "non-essential" amino acid residues can be made in a sequence of 
Appendix A. A " non-essential** amino acid residue is a residue that can be altered from 
the wild-type sequence of one of the MCP proteins (Appendix B) without altering the 
activity of said MCP protein, whereas an "essential" amino acid residue is required for 
MCP protein activity. Other amino acid residues, however, (e.g.. those that arc not 
conserved or only semi-conserved in the domain having MCP activity) may not be 
essential for activity and thus are likely to be amenable to alteration without altering 
MCP activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding MCP proteins that contain changes in amino acid residues that are not essential 
for MCP activity. Such MCP proteins differ in amino acid sequence from a sequence 
contained in Appendix B yet retain at least one of the MCP activities described herein. 
In one embodiment, the isolated nucleic acid / molecule comprises a nucleotide sequence 
encoding a protein, wherein the protein comprises an amino acid sequence at least about 
50% homologous to an amino acid sequence of Appendix B and is able to modulate the 
yield, production, and/or efficiency of production of one or more fine chemicals from C 
glutamicum, to degrade hydrocarbons, to oxidize terpenoids, to serve as a target for drug 
development, or to serve as an identifying marker for C glutamicum or related 
organisms. Preferably, the protein encoded by the nucleic acid molecule is at least about 
50-60% homologous to one of the sequences in Appendix B, more preferably at least 
about 60-70% homologous to one of the sequences in Appendix B, even more 
preferably at least about 70-80%, 80-90%. 90-95% homologous to one of the sequences 
in Appendix B, and most preferably at least about 96%, 97%, 98%, or 99% homologous 
to one of the sequences in Appendix B. 

To determine the percent homology of two amino acid sequences (e.g., one of 
the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in 
the sequence of one protein or nucleic acid for optimal alignment with the other protein 
or nucleic acid). The amino acid residues or nucleotides at corresponding amino acid 
positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the corresponding position in the other sequence (e.g.. a mutant form of 



the sequence selected from Appendix B), then the molecules are homologous at that 
position (i.e.. as used herein amino acid or nucleic acid "homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
5 (i.£., % homology = * of identical positions/total * of positions x 100). 

An isolated nucleic acid molecule encoding an MCP protein homologous to a 
protein sequence of Appendix B can be created by introducing one or more nucleotide 
substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substitutions, additions or deletions are introduced into the 
0, encoded protein. Mutations can be introduced into one of, the sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
5 similar side chain. Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with basic side chains (e.g.. 
lysine, arginine. histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine. glutamine. serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g:, alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 
threonine, valine, isoleucine) and aromatic side chains (e.g.. tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an MCP 
protein is preferably replaced with another amino acid residue from the same side chain 
family. Alternatively, in another embodiment, mutations can be introduced randomly 
along all or part of an MCP coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for an MCP activity described herein to identify 
mutants that retain MCP activity. Following mutagenesis of one of the sequences of 
Appendix A, the encoded protein can be expressed recombinantly and the activity of the 
protein can be determined using, for example, assays described herein (see Example 8 of 
the Exemplification). 

In addition to the nucleic acid molecules encoding MCP proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which 
are antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence 
which is complementary to a "sense" nucleic acid encoding a protein, e.g., 
complementary to the coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
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amino-3-N-2-carboxypropyl) uracil. (acp3)w, and 2.6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e.. RNA 
transcribed from the inserted nucleic acid will be of an antisense orientation to a target 
5 nucleic acid of interest, described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered 
to a cell or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an MCP protein to thereby inhibit expression of the 
protein, e.g.. by inhibiting transcription and/or translation. The hybridization can be by 
1 0 conventional nucleotide complementarity to form a stable duplex, or. for example, in the 
^| case of an antisense nucleic acid molecule which binds to DNA duplexes, through 

specific interactions in the major groove of the double helix. The antisense molecule can 
be modified such that it specifically binds to a receptor or an antigen expressed on a 
selected cell surface, e.g., by linking the antisense nucleic acid molecule to a peptide or 
15 an antibody which binds to a cell surface receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the vectors described herein. To achieve 
sufficient intracellular concentrations of the antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a eubacterial. 
vural or eucaryotic promoter are preferred. 
20 In yet another embodiment the antisense nucleic acid molecule of the invention 

is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 
usual P-units, the strands run parallel to each other (Gaultier et aJ. (1987) Nucleic Acids. 
$ Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 

25 mcthylribonucleotide (Inoue et al. (1987) Nucleic Acids Res. 15:6131-6148) or a 
chimeric RNA-DNA analogue (Inoue et al. (1987) FEBS Lett 21 5:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 
ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRNA. to which they 
30 have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591 )) can be used to 
catalytically cleave MCP mRNA transcripts to thereby inhibit translation of MCP 
mRNA. A ribozyme having specificity for an MCP-encoding nucleic acid can be 
designed based upon the nucleotide sequence of an MCP cDNA disctosed herein (i.e.. 
35 RXA00003 in Appendix A). For example, a derivative of a Tetrahyme w L-1 9 I VS 
RNA can be constructed in which the nucleotide sequence of the active site is 
complementary to the nucleotide sequence to be cleaved in an MCP-encoding mRNA. 
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See, e.g., Ccch et al. U.S. Patent No. 4,987,071 and Ccch et al. U.S. Patent No. 
5.1 16.742. Alternatively, MCP imRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See. e.g.. Bartel, D. and 
Szostak, J.W. (1993) Science 261:1411-1418. 
5 Alternatively, MCP gene expression can be inhibited by targeting nucleotide 

sequences complementary to the regulatory region of an MCP nucleotide sequence (e.g., 
an MCP promoter and/or enhancers) to form triple helical structures that prevent 
transcription of an MCP gene in target cells. See generally. Hclene. C. (1 991 ) 
Anticancer Drug Des. 6(6):569-84; Helene. C et al. {\992)Ann N.Y. Acad. Set 660:27- 
10 36; and Maher, LJ. (1992) Bioassays 14(121:807-15. 

Q v B. Recombinant Expression Vectors and Most Cells 

/ Another aspect of the invention pertains to vectors, preferably expression 

vectors, containing a nucleic acid encoding an MCP protein (or a portion thereof)- As 
15 used herein* the term "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid'V 
which refers to a circular double stranded DNA loop into which additional DNA 
segments can be ligated. Another type of vector is a viral vector, wherein additional 
DNA segments can be ligated into the viral genome. Certain vectors are capable of 
20 autonomous replication in a host cell into which they are introduced (e.g.. bacterial 

vectors having a bacterial origin of replication arid episomal mammalian vectors). Other 
vectors (e.g.. non-episomal mammalian vectors) are integrated into the genome of a host 
cell upon introduction into the host cell, and thereby are replicated along with the host 
.0*' genome. Moreover, certain vectors are capable of directing the expression of genes to 

\4fr 25 which they are operatively linked. Such vectors are referred to herein as "expression 
vectors". In general, expression vectors of utility in recombinant DNA techniques are 
c often in the form of plasmids. Jn the present specification, "plasmid" and "vector" can 
be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
30 such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulate 
35 / sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
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In another embodiment, the MCP protein expression vector is a yeast expression 
vector. Examples of vectors for expression in yeast 5 ccrivisae include p YepSec 1 
(Baldari, et aL (1987) Embo J. 6:229-234), pMFa (Kutjan and Herskowitz. (1982) Cell 
,30:933-943). p.IRY88 (Schultz et aL, (1987) Gene 54:1 13-123). and pYES2 (Invitrogen 
5 Corporation, San Diego. CA). Vectors and methods for the construction of vectors 
appropriate for use in other fungi, such as the filamentous fungil include those detailed 
in: van den Hondel. C.A.M.JJ. & Puht, P.J. (1 991 ) "Gene transfer systems and vector 
development for filamentous fungi, in: Applied Molecular Genetics of Fungi. J.F. 
Peberdy. et al.. eds., p. 1-28, Cambridge University Press: Cambridge. 
1 0 Alternatively, the MCP proteins of the invention can be expressed in insect cells 

using baculo virus expression vectors. Baculovirus vectors available for expression of 
% proteins in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al. 

/ (1983) Mol Cell Biol. 3:21 56-2165) and the pVL series (Lucklow and Summers (1989) 

Virology. 170:31-39). 

1 5 In another embodiment the MCP proteins of the invention may be expressed in 

unicellular plant cells (such as algae) or in plant cells from higher plants (e.g.. the 
spermatophytes. such as crop plants). Examples of plant expression vectors include 
those detailed in: Becker, D., Kemper, E.. Schell, J. and Mastersott. R. (1 992) "New 
plant binary vectors with selectable markers located proximal to the left border". Plant 

20 Mol. Biol 20: 1 195-1 1 97; and Beyan. M.W. (1984) "Binary Agrobacterium vectors for 
plant transformation", Nucl Acid Res. 12:8711 -872 1 . 

In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of mammalian 
^ expression vectors include pCDM8 (Seed, B. (1 987) Nature 329:840) and pMT2PC 

25 (Kaufman et al. (1987) EMBO J. 6:187-195). When used in mammalian cells, the . 
expression vector s control functions are often provided by viral regulatory elements. 
For example, commonly usedipromoters are derived from polyoma. Adenovirus 2. 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 1 7 of Sambrook. J., Fritsh. E. F.. 

30 and Maniatjs, T. Molecular Cloning: A Laboratory Manual 2nd ed. Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor. NY, 
1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular cell type 
35 (e.g.. tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific: Pinkert et aL 
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0 987) Gems Dev 1 :268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
Adv. Immunol 43 :235-275). in particular promoters of T cell receptors ( Winoto and 
Baltimore (1989) EMBOJ. 8:729-733) and immunoglobulins (Banerji etal. (1983) Cell 
• 33:729-740; Queen and Baltimore (1983) Cell 33:741-748). neuron-specific promoters 
5 (e.g.. the neurofilament promoter; Byrne and Ruddle ( 1 989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916). and mammary 
gland-specific promoters (e.g.. milk whey promoter; U.S. Patent No. 4.873 J 1 6 and 
European Application Publication No. 264.1 66). Devclopmentally-regulated promoters 
are also encompassed, for example the murine hox promoters (Kcssel and Gruss (1 990) 
10 Science 249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1989) 
■ ^ Genes Dev. 3:537-546). 

# ^ invention further provides a recombinant expression vector comprising a 

DNA molecule of the invention cloned into the expression vector in an antisense 
orientation. That is, the DNA molecule is operativcly linked to a regulatory sequence in 
1 5 a manner which allows for expression (by transcription of the DNA molecule) of an 
RNA molecule which is antisense to MCPmRNA. Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 
the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which 
20 direct constitutive, tissue specific or cell type specific expression of antisense RNA. 
The antisense expression vector can be in the form of a recombinant plasmid, phagemid 
or attenuated virus in- which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell 
j , ( type into which the vector is introduced. For a discussion of the regulation of gene 
M# 25 expression using antisense genes see Weintraub. H. et al. (1 986) "Antisense RNA as a 
molecular tool for genetic analysis". Reviews - Trends in Genetics, Vol. 1(1). 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host cell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
30 terms refer not only to the particular subject cell but to the progeny or potential progeny 
of such a cell. Because certain modifications may occur in succeeding generations due 
to either mutation or environmental influences, such progeny may not, in fact, be 
identical to the parent cell, but are still included within the scope of the term as used 
. herein. 

35 A host cell can be any prokaryotic or eukaryotic cell. For example, an MCP 

protein can be expressed in bacterial cells such as C. gluiamicum, insect cells, yeast or 
mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other 
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gene to atlow for homologous recombination to occur between the exogenous MCP 
gene carried by the vector and an endogenous MCP gene in a microorganism. The 
additional flanking MCP nucleic acid is of sufficient length for successful homologous 
recombination with the endogenous gene. Typically, less than one kilobase of flanking 
5 DNA (both at the 5' and 3* ends) is included in the vector (see e.g.. Thomas, K.R.. and 
Capecchi, M.R. (1987) Cell 51 : 503 for a description of homologous recombination 
vectors). The vector is introduced into a microorganism (e.g., by electroporation) and 
cells in which the introduced MCP gene has bornologously recombined with the 
endogenous MCP gene are selected, using art-known techniques. 
10 In another embodiment, recombinant microorganisms can be produced which - 

\ contain selected systems which allow for regulated expression of the introduced gene. 

For example, inclusion of an MCP gene on a vector placing it under control of the lac 
operon permits expression of the MCP gene in the presence of IPTG. Such regulatory 
systems are well known in the art. - < 

15 A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 

culture, can be used to produce (i.e.. express) an MCP protein. Accordingly, the 
invention further provides methods for producing MCP proteins using the host cells of 
the invention. Tn one embodiment the method comprises culturing the host cell of 
invention (into which a recombinant expression vector encoding an MCP protein has 
20 been introduced, or into which genome has been introduced a gene encoding a wild-type 
or altered MCP protein) in a suitable medium until MCP protein is produced. Tn another 
embodiment, the method further comprises isolating MCP proteins from the medium or 
the host cell. 

I 

4 .25 C Isolated MCP Proteins 

Another aspect of the invention pertains to isolated MCP proteins, and 
biologically active portions thereof. An "isolated" or "purified" protein or biologically 
active portion thereof is substantially free of cellular material when producedby 
recombinant DNA techniques, or chemical precursors or other chemicals when 
30 chemically synthesized. The language "substantially free of cellular material- tncludes 
preparations of MCP protein in which the protein is separated from cellular components 
of the cells in which it is naturally or recombinant produced. In one embodtment, the 
language "substantially free of cellular material" includes preparations of MCP protein 
having less than about 30% (by dry weight) of non-MCP protein (also referred to herein 
35 as a "contaminating protein"), more preferably less than about 20% of non-MCP protem. 
still more preferably less than about 10% of non-MCP protein, and most preferably less 
than about 5% non-MCP protein. When the MCP protein or biologically active port.on 
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activities described herein. For example, a preferred MCP protein of the present 
invention includes an amino acid sequence encoded by a nucleotide sequence which 
hybridizes, e.g., hybridizes under stringent conditions, to a nucleotide sequence of 
Appendix A. and which is able to modulate the yield, production, and/or efficiency of 
5 production of one or more fine chemicals from C. glutamicum. to degrade hydrocarbons. ' 
to oxidize terpenoids, to serve as a target for drug development, or to serve as an 
identifying marker for C. glutamicum or related organisms. 

In other embodiments, the MCP protein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional activity of the protein of one of 
0 the sequences of Appendix B yet differs in amino acid sequence due to natural variation 
or mutagenesis, as described in detail in subsection I above. Accordingly, in another 
embodiment, the MCP protein is a protein which comprises an amino acid sequence 
which is at least about 50-60%, preferably at least about 60-70%. and more preferably at 
least about 70-80. 80-90. 90-95%, and most preferably at least about 96%, 97%, 98%, 
1 5 99% or more homologous to an entire amino acid sequence of Appendix B and which 
has at least one of the MCP activities described herein. In another embodiment, the 
invention pertains to a full length C glutamicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B. 

Biologically active portions of an MCP protein include peptides comprising 
20 amino acid sequences derived from the amino acid sequence of an MCP protein, e.g.. an 
amino acid sequence shown in Appendix B or the amino acid sequence of a protein 
homoloeous to an MCP protein, which include fewer amino acids than a full length 
MCP protein or the full length protein which is homologous to an MCP protein, and 
exhibit at least one activity of an MCP protein. Typically, biologically active portions 
25 (peptides, e.g.. peptides which are. for example, 5, 10. 15. 20.30,35,36.37.38.39,40, 
50. 1 00 or more amino acids in length) comprise a domain or motif with at least one 
activity of an MCP protein. Moreover, other biologically active portions, in which other 
reeions of the protein are deleted, can be prepared by recombinant techniques and 
evaluated for one or more of the activities described herein. Preferably, the biologically 
30 . active portions of an MCP protein include one or more selected domains/mot.fs or 
portions thereof having biological activity. 

MCP proteins are preferably produced by recombinant DNA techniques. For 
example, a nucleic acid molecule encoding the protein is cloned into an expression 
vector (as described above), the expression vector is introduced i " to ^ ho ^ U J^ 
35 described above) and the MCP protein is expressed in the host cell. The MCP protein 
can then be isolated from the cells by an appropriate purification scheme using standard^ 
protein purification techniques. Alternative to recombinant expression, an MCP protein. 



polypeptide, or peptide can be synthesized chemically using standard peptide synthesis 
techniques. Moreover, native MCP protein can be isolated from cells (e.g.. endothelial 
cells, bacterial cells, fungal cells or other cells), for example using an anti-MCP 
antibody, which earj be produced by standard techniques utilizing an MCP protein or 

5 fragment thereof of this invention. 

The invention also provides MCP chimeric or fusion proteins. As used herein, 
an MCP "chimeric protein" or "fusion protein" comprises an MCP polypeptide 
operatively linked to a noo-MCP polypeptide. An "MCP polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to an MCP protein, whereas a 
0 "non-MCP polypeptide" refers to a polypeptide having an amino acid sequence 

corresponding to a protein which is not substantially homologous to the MCP protein, 
e.g.. a protein which is different from the MCP protein and which is derived from the 
same or a different organism. Within the fusion protein, the term "operatively linked" is 
intended to indicate that the MCP polypeptide and the non-MCP polypeptide are fused 

1 5 in-frame to each other. The non-MCP polypeptide can be fused to the N-terminus or C- 
terminus of the MCP polypeptide. For example, in one embodiment the fusion protein 
is a GST-MCP fusion protein in which the MCP sequences are fused to the C-terminus 
of the GST sequences. Such fusion proteins can facilitate the purification of 
recombinant MCP proteins. In another embodiment, the fusion protein is an MCP 

20 protein containing a heterologous signal sequence at its N-terminus. In certain host cells 
(e.g., mammalian host cells, bacterial host cells, fungal host cells), expression and/or 
secretion of an MCP protein can be increased through use of a heterologous signal 
sequence. 

Preferably, an MCP chimeric or fusion protein of the invention is produced by 
25 standard recombinant DNA techniques. For example. DNA fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
30 undesirable joining, and enzymatic ligation. Id another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimenc 
35 gene sequence (see, for example. Current Protocols in Molecular Biology, eds. Ausubel 
et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g.. a GST polypeptide). An MCP- 
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encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the MCP protein. 

Homologues of the MCP protein can be generated by mutagenesis, e.g.. discrete 
point mutation or truncation of the MCP protein. As used herein, the term "homologue" 
. 5 refers to a variant form of the MCP protein which acts as an agonist or antagonist of the 
activity of the MCP protein. An agonist of the MCP protein can retain substantially the 
same, or a subset, of the biological activities of the MCP protein. An antagonist of the 
MCP protein can inhibit one or more of the activities of the naturally occurring form of 
the MCP protein, by. for example, competitively binding to a downstream or upstream 

1 0 member of a biochemical pathway which includes the MCP protein. 
\ In an alternative embodiment homologues of the MCP protein can be identified 

L 0 by screening combinatorial libraries of mutants, e.g.. truncation mutants, of the MCP 

protein for MCP protein agonist or antagonist activity. In ope embodiment a variegated 
library of MCP variants is generated by combinatorial mutagenesis at the nucleic acid 

15 level and is encoded by a variegated gene library. A variegated library of MCP variants 
can be produced by. for example, enzymatically Heating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential MCP 
sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g., for phage display) containing the set of MCP sequences therein. 

20 There are a variety of methods which can be used to produce libraries of potential MCP 
homologues from a degenerate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be performed in an automatic DNA synthesizer, and the 
synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
^ set of genes allows for the provision, in one mixture, of all of the sequences encoding 

V ^ 25 the desired set of potential MCP sequences. Methods for synthesizing degenerate 

oligonucleotides are known in the art (see, e.g.. Narang. S.A. 0 983) Tetrahedron 39:3: 
Itakiira et al: (1 984) Annu. Rev. Biochem. 53:323: Ttakura et al. (1 98-*) Science 
1 98: 1 056: Ike et at (1983) Nucleic Acid Res. 1 1 :477. 

In addition, libraries of fragments of the MCP prrotein coding can be used to 

30 generate a variegated population of MCP fragments for screening and subsequent 
selection of homologues of an MCP protein. In one embodiment a library of coding 
sequence fra gm ents can be generated by treating a double stranded PCR fragment of an 
MCP coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule* denaturing the double stranded DNA, renaturing the DNA to 

35 form double stranded DNA which can include sense/antisense pairs from different 
nicked products, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragment library into an expression 
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nonpathogenic, it is related to pathogenic species, such as Corynehoctcrtum diphiheriae. 
Detection of such organisms is of significant clinical relevance. 

To detect the presence of C glutomicum in a sample, techniques well known in 
the art may be employed. Specifically, the cells in the sample may optionally first be 
cultured in a suitable liquid or on a suitable solid culture medium to increase the number 
of cells in the sample. These cells are lysed, and the total DNA content extracted and 
optionally purified to remove debris and protein material which may interfere with 
subsequent analysis. The polymerase chain reaction or a similar technique known in the 
art is performed (for general reference, on methodologies commonly used for the 
amplification of nucleic acid sequences, see Mullis et at., U.S. Patent No. 4,683,195. 
Mullis et al.. U.S. Patent No. 4,965,1 88. and Innis, M.A . and Gelfand. D. H.. (1 989) 
# PCR Protocols. A guide to Methods and Applications, Academic Press, p. 3-12. and 
(1 988) Biotechnology 6:1 1 97. and International Patent Application No. WO89/01 050) 
in which primers specific to an MCP nucleic acid.molecule of the invention are 
15 incubated with the nucleic acid sample such that, if present in the sample, that particular 
MCP nucleic acid sequence will be amplified. The particular MCP nucleic acid to be 
amplified is selected based on its uniqueness to the C. glutamicum genome, or to the 
genomes of C glutamicum and only a few closely related bacteria. The presence of the 
desired amplified product is thus indicative of the presence of C. glutamicum . or an 
20 organism closely related to C glutamicum. 

Further, the nucleic acid and protein molecules of the invention may serve as 
1 markers for specific regions of the genome. It is possible, using.techniques well known 
in the art. to ascertain the physical location on the C glutamicum genome of theMCP 
\ nucleic acid molecules of the invention, which in turn provides markers on the genome 

H# 25 which can be used to aid in the placement of other nucleic acid molecules and genes on 
the genome map. Also, the nucleic acid molecules of the invention may be sufficiently 
homologous to the sequences of related bacterial species that these nucleic ac.d 
molecules may similarly permit the construction Of a genomic map in such bacteria 
(e.g • Brevihocterium lactofermentum). 
30 ' the nucleic acid molecules of the invention have utility not only in the mapping 
of the genome, but also for functional studies of C glutamicum proteins. For example, 
to identify the region of the genome to which a particular C. glutamicum DNA-bmdmg 
protein binds, the C glutamicum genome could be digested, and the fragments mcubated 
with the DNA-binding protein. Those which bind the protein may be additionally probed 
with the nucleic acid molecules of the invention, preferably with readily detectable 
labels binding of such a nucleic acid molecule to the genome fragment enables the 
localisation of the fragment to the genome map of C glutamicum. and, when performed 
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proteins comained therein. This T^'S^M^ Antibodies 

specific for a selected MCP protemottn AusubeVeta i.. (1988) Current 

. Wema^We^assay^s^ aJlti body «ill bind .0 

• Protocols in Molecular B.ology, ".ley. Nc« Yonu_ ^ for 

» 25 mistypeofasaaytfitUunique^nearW^^^^^^ 

by gel actable label (e.g.. chemiluminesc.n, or 

appropriate secondary antibody havmg a a ^ ^ pKSence .. 

colorimetric) is incubated *t«« • J 8 ^ in the 

30 ■■.^^" kl **r^C ofurepxsenceofC. . 

sample. If the protein rs present. ta - £\ ^ „ bacterium as C. 

jfcMria-. A similar process enables £. <ta s. ^ ^ ^ ^ 

Steamier if apanel of proK.ns specrfic to C ^ ^ „ „„, liWy , 0 be C. 

35 glutamic™. viri> nucleic acid molecules of the invention may 

Genetic manipulation of the ^ ^ , na j differences from the wild- 

result 'in the production of MCP proteins having functional dm 



type MCP proteins. These proteins may be improved in efficiency or activity, may be 
present in greater numbers in the cell than is usual, or may be decreased in efficiency or 
activity. 

Such changes in activity may directly modulate the yield, production, and/or 
i efficiency of production of one or more fine chemicals from C giutamicum. For 
example, by modifying the activity of a protein involved in the biosynthesis or 
degradation of a fine chemical (i.e.. through mutagenesis of the corresponding gene), 
one may directly modulate the ability of the cell to synthesize or to degrade this 
compound, thereby modulating the yield and/or efficiency of production of the fine 
0 chemical. Similarly, by modulating the activity of a protein which regulates a fine 
chemical metabolic pathway, one may directly influence whether the production of the 
desired compound is up- or down-regulated, either of which will modulate the yield or 
efficiency of production of the fine chemical from the cell. 

Indirect modulation of fine chemical production may also result by modifying 
5 the activity of a protein of the invention (i.e.. by mutagenesis of the corresponding gene) 
such that the overall ability of the cell to grow and divide or to remain viable and 
productive is increased. The production of fine chemicals from C giutamicum is 
generally accomplished by the large-scale fermentative culture of these microorganisms, 
conditions which are frequently suboptimal for growth and cell division. By 
>0 engineering a protein of the invention (e.g.. a stress response protein, a cell wall protein, 
or proteins involved in the metabolism of compounds necessary for cell growth and 
division to occur, such as nucleotides and amino acids) such that it is better able to 
survive grow, and multiply in such conditions, it may be possible to increase the 
number and productivity of such engineered C giutamicum cells in large-scale culture. 
25 which in turn should result in increased yields and/or efficiency of production of one or 
mo re desired fine chemicals. Further, the metabolic pathways of any cell are nccessanly 
interrelated and coregulated. By altering the activity or regulation of any one metabolic 
pathway in C. giutamicum (i.e., by altering the activity of one of the proteins of the ^ 
invention which participates in such a pathway), it is possible to concomitantly alter the 
30 activity or regulation of other metabolic pathways in this microorganism, which may be 
directly involved in the synthesis or degradation of a fine chemical. 

The aforementioned mutagenesis strategies for MCP proteins to result in 
increased yields of a fine chemical from C giutamicum are not meant to be limiting: 
variations on these strategies will be readily apparent to one skilled in the art Using 
35 such strategies, and incorporating the mechanisms disclosed herein the nucleic a« £d 
protein molecules of the invention may be utilized to generate C. glutamtcum or related 
Lains of bacteria expressing mutated MCP nucleic acid and protein molecules such that 



the yield, production, and/or efficiency of production of a desired compound is 
improved. This desired compound may be any natural product of C glutamicum. which 
includes the final products of biosynthesis pathways and intermediates of naturally- 
occurring metabolic pathways, as well as molecules which do not naturally occur in the 
metabolism of C glutamicum, but which are produced by a C glutamicum strain of the 
invention. 
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Example 1: Preparation of total g 

ATCC 13032 . , A TCC13032yw a sgro^ovcmignt 

0 .2gACaa„0.5 ^T— 0 -!* 8 *^ , 4 HA 30 mg* H.BO, 20 mS* CpO, X 

2 00 «M. *e s^ 0 " " '"T m isoaW lalcobol and chlorctam- 

,«6 volume of 3 M sodium «** and 2 o. l# 

. 20*C and a 30 mua contn^ 0 " aU - _.. boffcr co n<aining 20 

inouba»ona.-20C» Awd . 5Mlvedinlffll -TEb 

ffi m g| aSS3dtottl<Sotvam- 
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*U KNaseA and dialysed a, 4-C against tOOO ml Tc-buffer for » M J oura. 

rLng this time, the buffer was -changed 3 times. To aliquot, of 0.< ml of *e 

DMA — 0. ml of 2 M UC. and 0, m, of ethano, - £ 
„ „ 20°C the DNA was collected by eentrifuganon (13.000 rpm, Bmfuge 

mm mcubation at -2U U tne l/p*^ ~> u ««w nisi A 

5 F^H^Hana.O^^DNApeUe.-d^WmT^bt.ff^NA 

.^W«l^^^ fa *^ teta^,,,, " -,,0, 
construction of genomic libraries. 

ta.n.p.eitC.nan^^ 

Stalling ir ejabliahed methods (see e.g_ 

, t / riQ^QI "Molecular Cloning : A Laboratory i x«uiua 
Sambrook.J«»M1989) Mol p^ocoU in Molecular 

Harbor Laboratory Press- or Ansobel. KM. ««.'. ) 

,5 Biology". John WHey&SonsO 0{particulaIUS eweretftepla S midspBR322 
A,, pUamid or cosmtd coold be us«L Of part ^ 

Cohen (Iffll J. ~"^ 4, J^, ^ s^os. (StraUgene.taIo.la. USA) or 
others: 5rratagene. LaJolla. USA), or cosm.os p. _ 53 . 2 83-286. 

2 0 Lons,6 (Gibson. T J., Rosenthal A. and W«=raon. R.H. (1987) Oene 53.283 

r mnle 3- DNA Sequencing and Computational Functional Analysis 
Example 3. DHASequen s c*™nl* 2 were used for DNA sequencing 

25 AB1377se q uenc.ngmach^ej ,^ Rd Science . 269;i9 o- 

Random Sequencmg and ^^Li^. fences were used: S- 
512) Sequencing primerewth the following nuc + 

^aaTcaotatoaccato-3.- ot5 --gtaaaacoacgoccagt.3 . 
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, « Tvnical mutator strains have mutations in the genes 
the integrity of «c, for reference, see Rupp.W.D. 

fcc^-P* <«*• -«* m X:f„o .P. nW<- ASM: 

(WW m ^ ismS ' , £JC , o t skiM in the -i The use of such strains is. 

Washington, Such Strang , ^ ^gi*^. 

illustrated, for example, rn Greener. A. and t. 

Example 5: 1>NA Transfer Between c 

gMm ucum an< iBreviMcKri^ species contain endogenous 

Several CW*-* "* " ? autOT omously (for review see. e:g.. 

ptasmids (as c.g..pHM.5>9 or pBU) ^ ^ ^ «* 

M*«. « * <>' 87 > Kotechnology- *»- ^ ^ ^ vectots for 

£ .„H(Sambrook.J.«.>U1989). M (lW) -Cun«nt Pmtncols .» 



Spring^f^^^^^^.^.rrepUcarionfbr^a 
MoiecuiarBiology-.lohnWrley^Son^ » ^ . Suchorigto of replication 

^P^-en^»d = P^^ M ^^^^e S am 

detenu-, species. «!-*»*' "* ^ *„m the Tn 5 or Tn903 
^esfotkanamycmte.istance^uchaa. ^ m ^ t0 clones - ^. 

20 ttan^orch^henico.^^ ftw ^ ^emu, examples in 
,„ TO duction,o OeneTechnoiosy, VCHJe. wbich .phcate in both E 

Hter arure of the construction of. -de «•* • _ oses . inc!u<lin8 gene over- 

session «or tefcrence. see e.g.. Yoshrham, M. ^ B J. et al. (1991) Gene. 

25 Marin J*, et"* 718 ^^^ . 

102-.93-98). H .m clone a gene oftoterest into one of the 

Usings^^^^^^.^vec^mtos^insof 

Co^er**,*!****"*- ^ ; 98 / ) ,B,e«rioUS930e-Ma 
: 30 pmtoplasttrarts— ^ 

„ra„on (Lie* E. « al ( „ 4cscriW e.g. in Schafer. A « £ 

(1990)J.Bactet.o1.172..^ 
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C. glutamicum to £. coli by preparing plasmid DNA from C. glutamicum (using standard 
methods well-known in the art) and transforming it into E. coli. This transformation step 
can be performed using standard methods, but it is advantageous to use an Mcr-deficient 
E. coli strain, such as NM522 (Gough & Murray (1983) J. Mol. Bio). 1 66:1-19). 

5 

Example 6: Assessment of the Expression of the Mutant Protein 

Observations of the activity of a mutated protein in a transformed host cell rely on 
s the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
to that of the wildUtype protein. A useful method to ascertain the level of transcription of 
1 0 the mutant gene (an indicator of the amount of mRNA available for translation to the gene 
product) is to perform a Northern blot (for reference see. for example, Ausubel et al. 
(1988) Current Protocols in Molecular Biology, Wiley: New York), in which a primer 
designed to bind to the gene of interest is labeled with a detectable tag (usually radioactive 
or cherailuminescenf). such that when the total RNA of a culture of the organism is 
15 extracted, run on gel, transferred to a stable matrix and incubated with this probe, the 
. binding and quantity of binding of the probe indicates the presence and also the quantity 
of mRNA for this gene. This information is evidence of the degree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Corynebacterium glutamicum by 
several methods, all well-known in the art, such as that described in Bormann, E.R. ct al. 
20 \\99T) Mol. Microbiol. 6: 317-326. 

To assess the presence or relative quantity of protein translated from this mRNA. 
standard techniques, sucb as a Western blot, may be employed (see, for example. Ausubel 
et al. (1 988) Current Protocols in Molecular Biology. Wiley: New York). Tn this process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
25 matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 
specifically binds to the desired protein. This probe is generally tagged with a 
chemiluminescent or colorimetric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the desired mutant 
protein present in the cell. 
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Example 7: Growth of Genetically Modified Corynehacterium glutamicum — Media 
and Culture Conditions 

Genetically modified Corynebacteria are cultured in synthetic or natural growth 
media. A number of different growth media for Corynebacteria are both well-known and 
5 readily available (Lieb et at (1 989) Appl. Microbiol. Biotechnol.. 32:205-2 1 0: von der 
Osten era/. (1998) Biotechnology Letters. 1 1 .11-16; Patent DE 4,120.867; Liebl (1992) 
"The Genus Corynehacterium, in: The Procaryotes, Volume 11; Balows, a. et ai. eds. 
Springer- Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts, vjtamins and trace elements. Preferred carbon sources are sugars, such as 
1 0 mono-, di-, or polysaccharides. For example, glucose, fructose, mannose, galactose, 
ribose, sorbose, ribulose, lactose, maltose, sucrose, raffinose. starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 
1 5 sources arc alcohols and organic acids, such as methanol, ethanol. acetic acid or lactic 
acid. Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds: Exemplary nitrogen sources include ammonia gas or 
ammonia salts, such as NH.C1 or (NH*) 2 S0 4 . NH.OH. nitrates, urea, amino acids or 
complex nitrogen sources like corn steep liquor, soy bean flour, soy bean protein, yeast 
20 extract meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfate- salts of calcium, magnesium, sodium, cobalt, 
molybdenum, potassium, manganese, zinc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Particularly useful chelating 
25 compounds include dihydroxyphenols. like catechol or protocatechuate. or organic acids, 
such as citric acid. It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include biotin. riboflavin, thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, com steep 
30 liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook "Applied Microbiol. Physiology; A 
Practical Approach {eds. P.M. Rhodes, P.F. Stanbury. IRL Press (1997) pp. 53-73, ISBN 0 
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19 963577 3). It is also possible to select grow* media from commercial suppliers, hke 

standard 1 (Merck) or BHI (grain heart infusion. MFC) or others. 

All medium components am sterilized, etther by heat (20 minutes at Ubarand 

121 X) or bv sterile filtration. The components can either be sterilized together or. tf 

„ec«sary. separately. All media components can be present at the beginning of growth. 

or they can optionally be added continuously or batchwise. 

Culture conditions are defined separately for each experiment. The temperature 
should be in a ranee between 15X and 45"C. The temperature can be kept consuut, : or can 
be altered during ore experiment The pH of the medium should be in the range of 5 <o 
8 5 preferably around 7.0. and can be maintained by the addition of buffers ,o the rtKdta. 
An'exemplary buffer fo, this purpose is a potassium phosphate buffer. Synthetic buffers 
such as MOPS. HEPES. ACES and others can alternative* o, simulraneously be used. It 
i5 also possible to maimain. a consun. culture pH through the addition of NaOH or 
NH.OH during crow*, tf complex medium component such as yeas. e«rac. are unltzcd. 
the necessity for additional buffem may be reduced, duero me fact that many complex 
compounds have high buffer capacities. If a fcrmentor is utilized for culrunng me mtcro- 
ttrgamsms. me pH can also be conmtUed using gaseous ammoma. _ 
The incubation time is usually in a range from several hours ro several days. Thts 

time is selects, in order to permit me maxima, amount of product 

bro 0, Tbediaclosedgrowm^en^eanbac^edomtnav^eryof^^has 

microtias plates, glass babes, glass flasks or glass or meta! fermentots of — 
F. screen** a large number of clones, the microorganisms should been Humd^ 
micros plate, glass «b~ or shake flasks, aimer with or — baffle. P^rably 
,00 ml shake flasks are used, filled with 10% (by volume, of me reared growth 
I medium The flasks should be shaken on a rotary shaker (ampliu.de 25 mm, ustng a 

1 humid auuospherct ahematively. a mamemadcal correction for evaporation losses 

is H „cu>„edm an OD«» of D.5 - 1.5 using cells grownon f*^ 
(,0 g/1 glucose. 2.5 Nad. 2 g/1 m«. .0 tfl P***-. 5 

JJn g* Nad. 2 * urea, .0 gfl polypeplone. 5 grt yeas, extract 5 g* meat extinct. 
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22 g/1 agar, pH 6.8 with 2M NaOH) that had been incubated at 30X. Inoculation of the 
media is accomplished by either introduction of a saline suspension of C glutamicum cells 
from CM plates or addition of a liquid preculture of this bacterium. 

5 Example 8 - Tn vitro Analysis of the Function of Mutant Proteins 

The determination of activities and kinetic parameters of enzymes is well 
established in the art. Experiments to determine the activity of any given altered 
enzyme must be tailored to the specific activity of the wild-type enzyme, which is well 
within the ability of one skilled in the art. Overviews about enzymes in general, as well 

10 as specific details concerning structure, kinetics, principles, methods, applications and 
, examples for the determination of many enzyme activities may be found, for example, in 
the following references: Dixon, M.. and Webb, E.C., (1 979) Enzymes. Longmans: 
London; Fersht. (1985) Enzyme Structure and Mechanism. Freeman: New York; 
Walsh, (1979) Enzymatic Reaction Mechanisms. Freeman: San Francisco; Price. N.C., 

15 Stevens, L. (1982) Fundamentals of Enzymology. Oxford Univ. Press: Oxford; Boyer, 
P.D., ed. (1983) The Enzymes, 3 rd ed. Academic Press: New York; Bisswangcr. H., 
(1994) Enzymkinetik. 2 nd ed. VCH: Weinheim (ISBN 3527300325); Bergmcyer. H.U. V 
Bergmeyer, J:, GraBl, M., eds. (1983-1986) Methods of Enzymatic Analysis, 3 rd ed. s vol. 
I-XII. Verlag Chcmie: Weinheim; and Ullmann's Encyclopedia of Industrial Chemistry 

20 (1 987) vol. A9, "Enzymes". VCH: Weinheim. p. 352-363. 

The activity of proteins which bind to E>NA can be measured by several well- 
established methods, such as DNA band-shift assays (also called gel retardation assays). 
The effect of such proteins on the expression of other molecules can be measured using 
reporter gene assays (such as that described in Kolmar, H. et al. (1 995) EMBO J. 14: 

25 3895-3904 and references cited therein). Reporter gene test systems are well known and 
established for applications in both pro- and eukaryotic cells, using enzymes such as 
. beta-galactosidase, green fluorescent protein, and several others. 

The detennination of activity of membfane-transport proteins can be performed 
according to techniques such as those described in Germis. R.B. (1989) "Pores. 

30 Channels and f Transporters", in Biomembranes. Molecular Structure and Function, 
Springer: Heidelberg, p. 85-137; 199-234; and 270-322. 

Example 9: Analysis of Impact of Mutant Protein on the Production of the Desired 
Product 

35 The effect of the genetic modification in C glutamicum on production of a 

desired compound (such as an amino acid) can be assessed by growing the modified 
microorganism under suitable conditions (such as those described above) and analyzing 
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the medium and/or the cellular component for increased production of the desired 
product (i.e., an amino acid). Such analysis techniques are well known to one skilled in 
the art, and include spectroscopy, thin layer chromatography, staining methods of 
various kinds, enzymatic and microbiological methods, and analytical chromatography 
5 , such as high performance liquid chromatography (see, for example. Ullman. 

Encyclopedia of Industrial Chemistry, vol. A2. p. 89-90 and p. 443-61 3, VCH: 
- Weinheim (1985): Fallon. A. et al., (1987) "Applications of HPLC in Biochemistry" in: 
Laboratory Techniques in Biochemistry and Molecular Biology, vol. 1 7; Rehm et al. 
(1 993) Biotechnology, vol. 3, Chapter III: "Product recovery and purification" page 
10 469-71 4, VCH: Weinheim; Belter. P.A. et al. (1988) Bioseparations: downstream 

processing for biotechnology, John Wiley and Sons; Kennedy, J.F. and Cabral. J.M.S. 
(1992) Recovery processes for biological materials. John Wiley and Sons; Shaeiwitz, 
J.A. and Henry, J.D. (1988) Biochemical separations, in: Ulmann's Encyclopedia of 
Industrial Chemistry, vol. B3, Chapter 1 1, page 1-27. VCH: Weinheim; and Dechow. 
15 F J. (1 989) Separation and purification techniques in biotechnology, Noyes 
Publications.) 

In addition to the measurement of the final product of fermentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
production of the desired compound, such as intermediates and side-products, to 
20 determine the overall efficiency of production of the compound. Analysis methods 
include measurements of nutrient levels in the medium (e.g., sugars, hydrocarbons, 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 
growth, analysis of the production of common metabolites of biosynthetic pathways, and 
measurement of gasses produced during fermentation. Standard methods for these 
25 measurements are outlined in Applied Microbial Physiology, A Practical Approach. 
P.M. Rhodes and P.F. Stanbury. eds., IRL Press, p. 103-129: 131-163: and 165-192 
(ISBN: 0199635773) and references cited therein. 

Example 10: Purification of the Desired Product from C glutamicum Culture 
30 Recovery of the desired product from the C. glutamicum cells or supernatant of 

the above-described culture can He performed by various methods well known in the art. 
If the desired product is not secreted from the cells, the cells can be harvested from the 
culture by low-speed centrifugatioxu the cells can be lysed by standard techniques, such 
as mechanical force or sonication. The cellular debris is removed by centrifiigation, and 
35 the supernatant fraction containing the soluble proteins is retained for further 

purification of the desired compound. If the product is secreted from the C glutamicum 
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»RXA01366-amino acid sequence 
,(1-390, translated) 130 residues 

VSQFRRCSRP GCGKPAVATL TYAYSDSTAV VGPLAPAAEP HSWDLCEHHA ERITAPLGWE MLRVNDIKVD 
DDEDLTAIAQ AVREAGRTVS GLVPEDEVGG NHPVNRSARI AEQKVHRRGH LYWPDQDES 
>RXA01366-nucleotide sequence A: upstream 

ATGCATGAAAA.CAAATTCTATGTGTGTTGAGCTGCCAAAA.GGGGTTGGCGCGCCGATGATGACTGTCCAAACCTAAA 
CCAAAGGTCTAAACTTTGGCTTC 

>RXA01366-nucleotide sequence B: coding region 

GTGAGTCAGTTTCGTCGTTGTTCCCGCCCTGGTTGTGGCAAGCCTGCCGTCGCAACCCTCACCTACGGATATTCGGA 

TTCCACTGCGGTGGTTGGTCCTTTGGCGCCTGCAGCAGAGCCCCATAGTTGGGATCTGTGTGAGCATCATGCCGAGC 

GTATTACTGCGCCCCTTGGTTGGGAGATGCTGCGGGTGAACGACATCAAAGTCGATGACGATGAGGATCTGA 

CTTGCTCAGGCTGTTCGTGAGGCTGGACGCACTGTGAGTGGTCTGGTTCCT 

GGTGAACCGGAGTGCGCGGATCGCGGAACAGAAGGTTCACCGCAGGGGTCATCTC 

AATCA 

>RXA01366-nucleotide sequence C: downstream 
TAAGGTTTGCTATTCGGATTGGA 
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»RXA0 1 3 64 - amino acid sequence 
(1-1866, translated) 622 residues 

TGTHLYDSLQ LLFTLVDKGH , HPTDAKAVAF DAEAGEEGLH FRNLSADLFL PAATELIDRV GLSNEALNKV 
LENLLLSRVQ SGKDRGFISY ATLGVTELGQ VYEGLMSYTG . FIAQEDLFEV APHGKADKGS WMLPVSKADE 
VPADSFIEVD' QEAPGGGVIK vrkrhprgsf VFRQSSRDRE RSASFYTPQV LTSFTVTQAI EELQASKRIT 
TANDVLSLT I CEPAMGSGAF AVEAVRQLAE LYLELRQEEL EQQIPAEDRA kelqkvkahi alhqvygvdl 
NSTAVELAEI SLWLDTMNAE MDAPWYGLHL RNGNSLVGAT RSLYAPSLLN KKAWLTATPT RYRLDDIAQA 
IDENKAEPLF NHGIHHFLLP STGWGATADA KDLKDLMATE IKELKSWRTS IRASLSKTQI KQLNNIiALRV 
ETLWRFVXMR IRIAESQISR STTLWGQEPA EVSEWTREQ IEQDLFGNID GAYNRLRLVM DAWCALWFWP 
LDAVATAEHP ERPALPDLDE WLATLTE ILG IDLPLKSKNE NQIVliGPDTN WLAINDAEAT DLGFSGALSF 
ERVSANHPWI NVARQVAKQQ SFFHWDLDFA HVFAKGGFDL QVGNPPWVRP DVNFEDLIAE HD 
>RXA01364-nucleotide sequence B: coding region 

acgggcacccacctttatgattccctgcagctgctgttcactctggtggataaaggccaccacccaacagatgctaa 
ggctgtagcttttgatgccgaggctggagaagaaggcctgcacttccgcaacctttcagcggatctcttcctccctg 
cagcc^cag^cttattgatcgagttggtctttccaatgaagcc^ 

cgg^tgcaatccggtaaagaccgcggctttatctcctatgccaccttgggtgttaccgagcttggccaagtttatga 
gggtctgatgtcctataccggctttatcgcccaggaagatctttttgaggtt 

gttcctggatgctcccggtctcaaaggctgatgaagtccctgccgatagctttatcgaagttgatcaagaagcccct 
/ ggtggcggcgtaatcaaggtgcgtaaacgccacccgcgcgg^^ 

^ acgctcagcgtccttctacaccccagaagtactcaccagctttactgtcacccaggctattgaagaactccaggcat 
caaagcgcatcaccacagccaatgatgttctcagcctcaccatctgtgaacctgcca 

gt ggaagcagt acgccaat tagcagagc t t tat t t ggaat tgcgccaagaagaactagagcagcagat tc cagcgga 
agaccgtgccaaggaactccaaaaggtcaaagcgcacattgcgctgc 

ctgctgtggagttggcggaaatctcgctgtggctagacaccatgaatgcagaaatggacgcaccttggtatggcctg 
cacctgcgtaatggtaactccctcgttggtgccacccgttcgctgtatgcacctagtctc^ttaataaaaaagcctg 
gttaactgctactccaacccgctatcggcttgatgatatcgcgcaggctattgatgaaaacaaagcagaacccctc 
tcaaccacggcatccaccacttcctcttgccctctactggc^ 

cttatggctactgaaatcaaggagcttaaatcttggcgtacttccatccgtgcgtctttgagtaaaactcagattaa 
gcagctcaataaccttgccctacgcgtggaaacactatggcgatttgtgctgatgcgtattcgcattgcagaatccc 
agatctcacgtagcactactctctggggtcaagagccagctgaggttt^ 

caagacctctttgk5caatattgatggtgcatataaccgtctacgcttggtgatggatgcttggtgtgcgctgtggtt 
ctggcctttggatgctgttgctaccgctgagcatccggagcgtcgagcccttccagatcttgatgagtggctagcca 
ccctgacggagattctgggtattgatctccctctgaagtccaaaaacgaaaatcagattgtcttaggtccagatacc 
aattggctagcgattaatgatgccgaggctactgatcttggtttttctggggcattc^gctttgagcgtgttagcgc 
gaatcacccgtggatcaatgttgcccgcgaagtggctaaacaacagagcttcttccactgggatctagacttcgccc 
acgtttttgccaagggtggatttgatctgcaggttggtaatccaccatgggtgcgaccagatgtgaactttgaggat 
ctgcttgictgaacatgat 
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»RXA0 13 62 -amino acid sequence 
(1-1395, translated) 4 65 residues 

INELILFDVH DLVKYGVHVY GAPQESINFL SAASLYHPQT VLDSFDHDGS GKLPGLKDDN GNWDRRPHKD 
RIQLVNADTL TVWKSILEDE QTPYUDTRMV YTVNTEAAAA LEKLASAPRI KELGLQFSSG WNETTDKKKG 
YFDVGWGYPA SWSDAILQGP HLGVATPMIK QPNPTMKHNQ DWSEIDFEAI PANF I PAT AY QPDRQTKPTY 
DADYGTWTFG DKQVPVADTF RIAWREMAAT TGFRTVYPSV IPPGANHVHT VNSAASRSNL, KTILVGAQLG 
AILSDYFARS. SGSSHIFNDI VRKIPLPNFT SLEKQFARTY LRLNCLTSAY APLWE E I TGE PWDVQVPLRN 
AEQRRAAQND IDAMVALSLG ISADELCMIY RTQFPVMRRY DQEDHFDANG RKVPKE 1 1 KL QQKLKDGQEL 
SVEKRTWVHP QSEVSYTFEY PFRVUDREAD LRAAYAKFEN QLKEP \ 
>RXA0 13 62 -nucleotide sequence B: coding region 

ATTAATGAGTTGATTCTTTTTGACGTACACGACTTGGTTAAATATGGCGTACATGTCTATGGCGCTCCGCAGGAATC 
TATTAACTTTTTAAGTGCTGCGTCGCTTTATCACCCACAAACAGTGCTTGATTCATTTGATCATGACGGTTCAGGTA 
ATCTCCCTGGTCTTAAAGACGACAATGGCAACTGGGACCGTCGCCCACACAA 

GATACTTTGACGGTGTGGAAGTCCATCCTGGAGGATGAAGAAACGCCATACTTGGATACCCGCATGGTTTATACCGT 
CAACACGGAAGCAGCAGCAGCGTTGGAAAAGTTGGCTTCTGCAC 

GTGGCTGGAATGAAACCACCGATAAGAAAAAGGGATACTTTGACGTTGGTTGGGGCTACCCAGCTTCCTGGTCTGAT 

GCCATTTTGCAGGGGCCGCACCTGGGTGTTGCTACACC^ 

AGATTGGTCTGAAATTGATTTCGAGGCCATTCCTGCAAACTTCAT^^ 

CAAAGCCCACTTATGATGCTGACTACGGCACCTGGACTTTCGGGGACAAGCAGGTACCAGTTGCAGA 
< ATTGCATGGAGGGAGATGGCTGCCACCACGGGATTTAGGACTGTCT 

TGTGCACACAGTTAATAGCGCTGCATGACGTTCAAACTTAAAAACCATTCTCGTTGGAGCAC^ 
TJ^GTGACTATTTTGCTCGGTCCTCGGGTTCAAGCCACATATTTAACGACATTGTTCGCAAGATTCCACTTCCAAA 
TTCACATCCTTGGAAAAGCAGTTCGCCCGCACATACCTCCGCCTCAACTGCCTGACCTCAGCTTATGCCCCATTGTG 
GGAAGAGATCACCGGTGAGCCGTGGGATGTTCAGGTGCCTTTGCGCAA 

ATATTGATGCCATGGTGGCATTGTCTTTGGGTATTAGTGCTGATGAGCTGTGCATGATTTATCGCACTCAATTCCCA 
GTGATGCGTAGATATGATCAAGAAGATCATTTTGATGCCAAT 

GCAGAAACT T AAAGAT GGCCAAGAGC TCAGCGTGGAAAAGCGCACC TGGGTGCATCCCCAATCAGAAGTGTCCTATA 
CCTTTGAATATCCTTTCCGGGTGTTGGATCGTGAAGCTGATCTGCGTGCTGCATATGCAAAATTTGAAAACCAGCTT 
AAGGAGCCA ■ ' • , 

>RXA0 13 62 -nucleotide sequence C: downstream 
TAGAGCGCTTATGTCCTCACTCA ■ \ 



V 
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»RXA01357-amino acid sequence 
(1-303', translated) 101 residues 

MSAEELDNYE AEVELSLYRE YRDWSQFSY WETERRFYL ANAVQLIPHN SGNDVYYEVR MSDAWVWDMY 

RSARFVRYVR VITYKDVNIE ELDKPD I IMP E 

>RXA0 135 7 -nucleotide sequence A: upstream 

ACGGCGCAAGTCCCGAGCACAGATATAGTTATGCAAATGTGGCCAAGGCACA 

AATGACACGACGGAAGGTGGAGC 

>RXA01 357 -nucleotide sequence B: coding region 
ATGAGCGCTGAAGAACTCGACAACTAGGAAGCAGAGGTTGAACTCTC 

CCAGTTTTCCTATGTTGTAGAAACTGAACGTCGCTTCTACTTAGC^AATGCAGTGCAGCTTATTCCAC^ 

GAAACGATGTCTACTACGAAGTCCGCATGTCTGACGCCTGGGTATGGGACATGTACCGCTCAGCACGCTTCGTTCGC 

TACGTCCGAGTGATCACCTACAAGGACGTCAACATCGAAGAATTAGATAAGCCTGACATCATCATGCCTGAG 

>RXA0 135 7 -nucleotide sequence C: downstream 

TAGTTCTTAGGTTTAAAATCGCT 
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>>RXA01348-amino acid sequence 
(1-492, translated) 164 residues 

VGFVWSGSDS QIYPELRKME AEELLVGSDV PWGSKGATKT EYALSEKGWE ALRKAWYEPV T YGPTRD PAR 
LKAAYFEVGT NGDARRHLRA HIAHFEQQKI QSESMIDELK AKTHPTLARR LERSPKKEHE RIVAFKVLAY 
EGQIARAQAE IEWAE KGLKL LDTL 

>RXA0 134 8 -nucleotide sequence A: upstream 

ATGGGACAATGAGCACGTGACTCTACGATCTGCATTACTTGCGCTACTAAGTTCCGGACCATTGACTGGGTATGACG 
CCTCCCAGCGATTTGGGGCCTCG 

>RXA0 134 8 -nucleotide sequence B: coding region \ 

GTGGGCTTTGTGTGGAGTGGTTCCGATTCGCAGATTTATCCCGAACTTCGAAAAATGGAAGCCGAAGAACTCCTCGT 

GGGATCCGATGTTCCCTGGGGCTCCAAAGGGGCCACCAAAACCGAATACGCCTTGAGTGAAAAAG 

TAAGAAAAGCGTGGTACGAGCCAGTAACCTACGGTCCCACCAGAGATCCTGCCAGGCTTAAAGCCGCCTATTTTGAG 

GTCGGTACAAATGGCGATGCAC GC C GACAT T TAAGGGCGCACATC GC TCAT T T T GAACAGCAGAAAAT T CAATCAGA 

ATCLAATGATTGATGAGCTGAAAGCAAAAACTCATCCAACC 

ACGAGCGAATAGTCGCGTTTAAAGTGCTTGCCTATGAGGGGCAGATTGC^ 

GAAAAGGGCT TGAAACTACTCGATACCCT T 

>RXA0 134 8 -nucleotide sequence C: downstream 

TAGTTTTCGAACACGTCCGTATC 



Claims 

1 - An isolated nucleic acid molecule from Coryncbaclerium glulamicum encoding an 
MCP protein, or a portion thereof. 

2. The isolated nucleic acid molecule of claim 1. wherein said nucleic acid molecule 
encodes an MCP protein involved in fine chemical production. 

3. An isolated Corynebactertum glutamicum nucleic acid molecule selected from the 
0 group consisting of those sequences set forth in Appendix A, or a portion thereof. 

4. An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth in Appendix B. 

5 5. An isolated nucleic acid molecule which encodes a naturally occurring allelic variant 
of a polypeptide selected from the group of amino acid sequences consisting of those 
sequences set forth in Appendix B. 

• 6. An isolated nucleic acid molecule comprising a nucleotide sequence which is at least 
d 50% homologous to a nucleotide sequence selected from the group consisting of 
those sequences set forth in Appendix A, or a portion thereof. 

7. An isolated nucleic acid molecule comprising a fragment of at least 1 5 nucleotides 
of a nucleic acid comprising a nucleotide sequence selected from the group 
consisting of those sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1-7 under stringent conditions. 

9. An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 
of claims 1-8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypeptide. 

1 0. A vector comprising the nucleic acid molecule of any one of claims 1-9. 

1 1 . The vector of claim 1 0, which is an expression vector. 

1 2. A host cell transacted with the expression vector of claim 1 1 . 

13. The host cell of claim J 2, wherein said cell is a microorganism. 

14. The host cell of claim 13, wherein said cell belongs to the genus Corynebacterium 
or Brevibacterium. 

15. The host cell of claim 12, wherein the expression of said nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 



16. The host cell of claim 1 5. wherein said fine chemical is selected from the group 
consisting of: organic acids, proteinogenic and nonproteinogenic amino acids purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids. diols, carbohydrates, aromatic compounds, vitamins, cofactors and 

5 enzymes. 

1 7. A method of producing a polypeptide comprising culturing the host cell of claim 1 2 
in an appropriate culture medium to ? thereby, produce the polypeptide. 

10 1 8. An isolated MCP polypeptide from Corynebacterium glutamicum % or a portion 
thereof. 
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19. The polypeptide of claim 18, wherein said polypeptide is involved in fine chemical 
production. 

20. An isolated polypeptide comprising an amino acid sequence selected from the group 
consisting of those sequences set forth in Appendix B. 

21 . An isolated polypeptide comprising a naturally occurring allelic variant of a 

20 polypeptide comprising an amino acid sequence selected from the group consisting 
of those sequences set forth in Appendix B, or a portion thereof. 

22. The isolated polypeptide of any of claims 18-21. further comprising heterologous 
amino acid sequences. 

23. An isolated polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is at least 50% homologous to a nucleic acid selected 
from the group consisting of those sequences set fbrth in Appendix A. 

30 24. An isolated polypeptide comprising an amino acid sequence which is at Jcast 50% 
homologous to an amino acid sequence selected from the group consisting of those 
sequences set forth in Appendix B. 

25. A method for producing a fine chemical, comprising culturing a cell containing a 
35 vector of claim 1 2 such that the fine chemical is produced. 

26. The method of claim 25, wherein said method further comprises the step of 
recovering the fine chemical from said culture. 

40 27. The method of claim 25, wherein said method further comprises the step of 

transacting said cell with the vector of claim 1 1 to result in a cell containing said 
vector. 

28. The method of claim 25, whcrein said cell belongs to the genus Corynebacterium or 
15 Brevibocterium. 



29. The method of claim 25, wherein said cell is selected from the group consisting of: 
Corynebacterium gtutamicum % Corynebacterium herculis. Corynebacterium, [ilium, 
Corynebacterium acetoacidophilum. Corynebacterium acetoglutamicum. 



Corynebacterium acetophilum. Corymebacteriw* ammoniogencs. (Corynebacterium 
fufiobense. Corynebacterium nitrilophilux. Brevibacterium ammoniagenes. 
Brevibacterium butanicum % Brcvibacterium divoricatum. Brevibacterium flavum. 
Brevibacterium healii. Brevibacterium ketogluiamicum, Brevibacterium 
ketosoreductum % Brevibacterium lactofermentum. Brevibacterium linens. 
Brevibacterium paraffinolyticum. and those strains set forth in Table 3. 

30. The method of claim 25. wherein expression of the nucleic acid molecule from said 
vector results in modulation of production of said fine chemical. 

31. The method of claim 25, wherein said fine chemical is selected from the group 
consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols. carbohydrates, aromatic compounds, vitamins, cofactors, and 
enzymes. 

32. The method of claim 25, wherein said fine chemical is an amino acid. 

33. The method of claim 32. wherein said amino acid is drawn from the group consisting 
of: lysine, glutamate. glutamine. alanine, aspartate, glycine, serine, threonine, 
methionine, cysteine, valine, leucine, isoleucine. arginine. proline, histidine. 
tyrosine, phenylalanine, and tryptophan. 

* 

34. A method for producing a fine chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molecule of any one of 
claims 1-9. 
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